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FOREWORD 


Jyotisha is the science of celestial luminaries. It 
deals with the twin fields of mathematics and astronomy. 
It is classified as one of the essential limbs (constituents) 
of the Veda (Ved&ngas). 

Vedic literature enjoins that Yajnas are to be 
performed ; these sacrifices are based upon a knowledge 
of appropriate time for their performance. The science 
of astronomy gives us a knowledge of time. Hence, 
indeed, it has been regarded as one of the six Vedahgas. 
This is stated in the ninth verse of the Siddhanta- 
Siromani (= SS ) as under : 

n^rrafriT: 

qft: sftsFcfT: g sRretlSlSN | 

SITWRWTg 5>T553ftsit *ra: Wig 
wtRrewtsFePwmg 11 

Sayana in his Preface to the Rgvedabhasya strikes a 
note on the use of Jyotisha by citing the Paniniya-tiksd 
(41-42): 

sgriergnwi srtagwst it 

Metre represents the feet of the Veda-purusha , 
Kalpa the hands, the science of Jyotisha its 
eyes, and Etymology its ears. 

The use of the morphemic sequence qroisHtfogi} 
occurring in the Vedangajyotisha (3) justifies the view that 
astronomy arose to establish the times and seasons for 
conducting sacrifices. Sayana further refers to several 
passages of the Taittiriya School in support of the above 
view. The text, sarftvatsaram... indicates the periods of 
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years. The text, vasante... refers to the seasons. The 
text masi mdsi... refers to months. The text Yam kama- 
yeta... refers to half months. The text ekdstakdydm... 
refers to days. The text prdtar juhoti... refers to part of 
days. The text Kj-ttikdsu refers to nak§atras. Hence is 
the need for Jyotisha for determining the times and 
seasons proper for performing sacrifices. 

Occasional references are made in the Vedas to new 
moon and the full moon, the number of days in a year, 
the two halves of the year indicated by the terms, 
Devayana and Pitjydna , the additional or intercalary 
month ( adhikamdsa ) and the deletory month ( ksayamdsa ). 
The text — “These Krttikas (constellation of pleiades) 
do not deflect from the East” — suggests that the 
pleiades were observed to rise always at the east point. 
This is possible only when the first point of Aries 
was in the constellation of pleiades, since these 
are situated in the ecliptic. The point has, of 
course, shifted backwards now. From this obser¬ 
vation, it emerges out that the stars of the zodiac 
were enumerated, commencing from the krttikas (Arka 
Somayaji, A Critical Study of Ancient Hindu Astronomy, 
p. 1, 1971). 

The Taittiriya Sam. ( =TS) at 4, 4, 10 lists the 
Naksatras starting from krttikas to Bharani. This section 
in TS contains mantras for the nak§atra bricks which are 
arranged in a circle round the naturally perforated brick, 
beginning on the south-east with krttikas and ending 
with ViSakha, then continuing on the north-west with 
AnuradhS and ending with Bharani. The full moon 
brick is placed at the east point and the new moon at 
the west point (keith’s notes to TS 4, 4, 10). Vedic 
Astronomy cum mathematics shows the determination to 
count large numerical notations. The TS at 4, 4, 11, 
ii-iii (= Vajasaneyi Madhyandina Samhita XVII - ii) 
enumerates such numerical terms as eka, data, iata , 
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sahasra, ayuta-(l 0,000), niyuta-( 100,000), prayuta- 
(1,000,000), arbuda- (10,000,000), nyarbuda-(m,000,000) t 
samudra-( 1,000,000,000), madhya-( 10,000,000,000), anta- 
(100,000,000,000), and pardrdha-( 1,000,000,000,000). 
Mahidhara’s commentary at Vdj. Mddh. Sam. XVII-ii Is 
worth quoting here: 

??agforar n 

Apart from division of the sphere into 27 or 28 
nakgatras, Vedic astronomy has contributed to our 
understanding of the conception of great yugas — of 
course, carrying out a radical change of the heavenly 
bodies — and that of the Tithi. 

In the area of geometry, the Sulba - satras 
(c. 200 B.G.) which are concerned with the measurements 
of sacrificial altars, discuss the construction of squares 
and rectangles, the relation of the diagonal to the sides, 
the equivalence of rectangles and squares and the 
construction of equivalent squares and circles. 

The Vedanga-Jyotisha is a post-vedic development. 
The fourth verse of this text treats Mathematics as 
standing at the head of all Vedangas ; and it reads: 

*rar foot wjn<JTT ^ptht tronft i 

nfa's jjqfa feran u 

Thus Mathematics and astronomy are twin disciplines, 
the one complementing the other. Ganitam includes 
astronomy, and geometry ( ksetraganitam ) belongs to the 
science of kalpasutras. Geometry included the 
scope of gantiarrii Ganitam also includes fundamental 
operations ( parikmma-), determinations ( Vyavahdra ) 
and so on. Subsequently arose the Siddhattta-literatme. 
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A Siddhanta text is an astronomical treatise, dealing 
with various measures of time, ranging from a Tfti upto 
the duration of a Kalpa (which culminates in a deluge), 
planetary theory, arithmetical computations as well as 
algebraical processes, problems relating to intricate ideas 
and their solutions, location of the earth, the stars and 
the planets and description and usage of instruments 
(SS vs. 6). Of the eighteen Siddhanta works that are 
noticed, mention could be made of the following texts 
which have come down to us: Sfiryasiddhanta , 
Paitdmaha siddhanta , Komaka-siddhanta, Pauliia- 
siddhanta, Vasisthasiddhanta, Brahmasiddhanta and 
Vfddhavasisthasiddhanta. Varahamihira wrote the 
Pancasiddhintika and Paitamahasiddhanta. 

Of these the Suryasiddhanta and the Brahmasiddhanta 
deserve special mention here, since both these have 
received correction from time to time. At the same 
time the former work has shown “the process of 
adaptation of the new science to Indian ideas in its most 
pronounced state” (Keith, Hist, of Skt. Lit., 518). It 
reveals in the theory of Kalpas, restores the pre-eminence 
of mount Meru at the north pole and deals with such 
astronomical concepts as Nak§akras and others in the 
Indian context. 

The astronomer who wrote the Aryabhatiyam 
(499 A.D.) is Aryabhata (born in 478 A.D.) who 
introduced new ideas into Indian astronomy. He is the 
Sanskritist to write a distinct chapter on mathematics 
in relation to astronomy. It may not be an exaggeration 
to say that he was the only Hindu astronomer to 
propound the doctrine of diurnal rotation of the earth, 
as stated by Arka Somayaji in A Critical Study of the 
Ancient Hindu Astronomy (p. 2). The astronomers who 
followed him were Lalla (500 A.D.), Varahamihira 
(505 A.D.), Brahmagupta, Mahavlra (628 A.D.), Sridhara 
(750 A.D.), Munjaia (932 A.D.), Sripati (1039 A.D.), 
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Bhaskara II, the author of SS (1150A.D.), Makaranda 
(1478 A.D.) and Gane£a (1520 A.D.). The names of 
others such as Garga, Vyddhagarga and Narada, who 
existed before Varahamihira, may be added to this list. 

The authorities on Ancient Sanskrit astronomy and 
mathematics are of the opinion that the last scientific 
work in Jyotisha is SS. A temple inscription quoted by 
O. E. SMITH, ( History of Mathematics) runs as under: 

Triumphant is the illustrious Bhaskara- 
charya whose feet are revered by the wise, 
eminently learned. 

Bhaskara II worked at the Astronomical observatory in 
Ujjain where Brahmagupta is said to have conducted 
certain experiments several centuries ago. 

/ 

Actually there were two Bh5skar5charyas. The first 
was a contemporary of the well-known astronomer, 
Brahmagupta. He wrote the Mahdbhdskariya , Laghu 
bhdskariya, and the Aryabhatiya which are commentaries 
on the famous work of Aryabhata. The Second Bhaskara 
(1114-1185 A.D.), as has been stated in SS (vs 3.) 
composed the crest-jewel of astronomical treatises, i.e. 
SS , after having mastered the science under his talented 
father, Mahe£vara, a pioneer in astronomy, who 
championed the cause of Jyotisha in the eleventh 
century A.D. 

The chief contribution made by Bhaskara II to 
mathematics cum astronomy consisted in realising the 
true nature of division by Zero, anticipating the modern 
theory on convention of signs, representing unknown 
quantities by phonemes, presenting solutions for 
quadriatic equations reduced to a single type taking into 
consideration only positive roots as genuine, solving a 
few cubic and bi-quadriatic equations and indeterminate 


57 1 HjdxrLtmlcjaL 



X 


equations of the first and second degree, computing ela¬ 
borate tables of sines, studying regular polygons upto 384 
sides, giving the value of as 754/240 and anticipating 
kepler’s method of determining the surface and volume 
of a sphere (N.N. Sachitanand’s article in the Hindu , 
Madras, dated 1-7-1979 and M. D. Balasubrahmanyam’s 
Foreword to the Annotation of SS by Arka Somayaji, 
Kendriya Sanskrit Vidyapeetha, Tirupati series No. 29, 
1980). Furthermore, Bhaskara II gave a scientific 
exposition of the sidereal revolution of planets, circum- 
frence of the earth, lunar eclipses, measurement 
technique of celestial bodies, longitude of the stars and 
other astromical facts. Needless to say, the third and 
fourth parts of SS, —• under the heading, Ganitddhydya 
(or Grahaganita) and Goladhyaya — are exclusively 
devoted to astronomy. 

After Bhaskara II, very little original work appeared 
in India in this field. Later scholars were content with 
the writing of some commentaries on the earlier standard 
treatises of stalwarts, simply to whet their appetite. But 
for the scholarly compositions of eminent Sanskritists 
like Nllakanta and the rest, belonging to the productive 
Kerala School of astronomy, Jyotisha Pandits concen¬ 
trated their attention more on astrology than on studies 
and research in mathematical astronomy. 

However, in recent times scholars have been 
attempting to examine astronomical theories in the light 
of western thought.* 

Realising that specialisation in mathematical 
astronomy and other sciences has witnessed a decline, 
the Tirupati Vidyapeetha started a project entitled, 
‘Coordination of Sanskrit and Ancient India’, so that 
unpublished and rare works on Sanskrit mathematics, 
astronomy, and other disciplines might be critically 

* For a brief sketch of Astronomy, read Collected Papers . 
pp. 371-78. 
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edited with translation and annotation, besides 
monographs on historical and descriptive studies on 
Jyotisha might be brought out. Under this scheme, the 
Vidyapeetha has already brought out Dr. Arka 
Somayaji’s Exposition in English and Annotation of 
Bhaskaracarya’s SS. - (1980). Under the same project, 
the Vidyapeetha has now come forward to issue 
Professor T. S. KUPPANNA SASTRY’S Collected 
papers on Hindu astronomy, mathematics and other 
related disciplines. I record here that it is rather 
unfortunate for SASTRY and us that he could not live 
to see his outstanding publication—the last challenging 
magnum opus of SASTRY. That Professor SASTRY, 
an eminent scholar in almost all the branches of Sanskrit 
literature (including mathematics and Astronomy) was 
specially qualified to write the collected papers, will 
become evident, if we look at his curriculum vitae and 
publications. 

Professor SASTRY (1900-1982) alias Srinivasan, 
was born in Tirumanilayoor (near Karur, Tiruchirapalli 
district of Tamilnadu) to Subrahmanya Iyer and 
Bhagirathi Ammal. A scion of Nilakantha Diksita, the 
celebrated Sanskrit polymath of the sixteenth century. 
Professor SASTRY devoted all his time to a critical 
study and appreciation of almost all the Sanskrit 
Shastras including Ganita, Jyotisha, and modern 
astronomy. In boyhood he underwent training in the 
traditional recitation of Samavedic hymnology. Having 
completed his schooling in Karur, he passed the B.A. 
examination as a student of the famous St. Joseph’s 
College, Tiruchirapalli. He worked as Headmaster of 
the High School at Tirumayam (erstwhile Pudukkottah 
State), and then joined the Maharaja’s High School, 
Pudukkottah (later known as Brihadambal High School). 
Subsequently he worked as lecturer. Assistant Professor 
in Sanskrit at* - Maharaja’s College, Pudukkottah, 
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Government Arts College, Kumbhakonam and in the 
Madras Presidency College from where he retired in 
1955. Then he taught at the Madras Sanskrit College 
for about five years as Professor of comparative 
Philology and History of Sanskrit Literature. Even 
after retirement he served the college as Honorary 
Professor of Sanskrit. 

Professor SASTRY critically edited six astro¬ 
nomical texts. He brought out a critical edition of 
the Mahabhaskariya with the commentaries of 
Govindasvamin and Parameshvara with annotation 
and indices in 1957. Again he edited the Vtikyakarana, 
the basis of the Vakya almanacs of South India, with the 
commentary of Sundararaja in 1962. He also critically 
edited the Veddngajyotisha with translation and notes. 
Subsequently he critically edited the Pancasiddhantika 
with translation and notes. 

Dr. K. V. Sarma (now Professor at the Adyar 
Library Research Centre) who informally collaborated 
with Professor SASTRY in editing the first two works 
mentioned above, writes (in the Bio-data of Professor 
T. S. Kuppanna Sastry) as under: 

His (Prof. Sastry’s) deep understanding of Indian 
astronomy... helped him in preparing a rational 
edition with detailed exposition in English of the 
Vedanga Jyotisha and the Pancasiddhantika, both 
of which are master-pieces illustrative of forensic 
skill in presenting distended facts to prove his 
point. He prepared also a book on the computa¬ 
tion of eclipses incorporating modern corrections, 
but couched in such a form that it could be used 
by Indian almanac makers. 

His collected papers issued by the Vidyapeetha, is a 
collection of valuable and original papers-published in 
several learned Journals—numbering about twenty. The 
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author has made a systematic, thorough-going and 
comparative study of the Hindu and Western systems of 
astronomy. The book deals with such interesting and 
illuminating topics as the Vasisfha Sun and Moon, 
calender in Hindu Tradition, Varahamihira’s Saka Era, 
Hindu astronomical processes, VateSvara Siddbanta, 
Aryabhata School of Astronomy, Hindu Astronomy In 
the age corresponding to pre-copernican European 
Astronomy, Tamil Astronomy, determining the date of 
Adi Sankaracharya (on astronomical grounds), the law 
of gravitation, the structure of atom and the theory of 
Relativity and others. Needless to say, among the 
astromers who have attempted a methodological and 
critical study of Jyotisha, Professor T. S. Kuppanna 
Sastry, the eminent scholar of ancient and modern 
astronomy, stands out as preeminent. I state in all 
humility that the development of astronomy, marshalled 
in its historical perspective in the collected papers, will 
furnish some definite criteria governing the relevancy 
and applicability of ancient Indian observations as 
enshrined in Jyotisha to modern astronomy. 

It is now left for us to thank Dr. K. V. Sarma 
sincerely for his hearty cooperation and assistance in 
printing this book. He read through the proofs, 
compiled the Bibliography of Prof. SASTRY’s writings 
and sent us the author’s Bio-data. Special acknowledge¬ 
ment should be made to the Rathnam Press, Madras for 
setting the appropriate types for the book. 

Lastly I pay homage to my guru. Professor 
T. S. Kuppanna Sastry for his excellent contribution to 
mathematics cum astronomy. 

Kendriya Sanskrit M. D. BALASUBRAHMANYAM 

Vidyapeeth* Principal ( 1975-85 ) 

TrnuPAti. 

20—3—1989. 
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THE VASISTHA SUN AND MOON IN 

VARAHAMIHIRA’S PANCASIDDHANTIKA 

C Reprinted from J.O R., K.S.R.I., Madras, 1955-56) 

The Vasistha Sun and Moon are contained in Ch. II 
and in Ch. III. 4 of the Pancasiddhantika. 1 II. 1 gives the 
true sun, II. 2-b give the computation of the true moon, 
III. 4 gives a rule for the daily motion of the moon, II. 7 
gives rules for the sun or moon’s Naksatra and the Tithi, 
and II. 8-1' deal with topics related with the sun, like 
the duration of day-light, the length of the noon-shadow 
when the sun is known and vice versa , and lastly finding 
the Orient Ecliptic Point (Lagna) when the shadow is 
known and vice versa. 

Obviously, the most important parts are II. 1, 
II. 2-6, and III. 4, which form the basis for the rest of 
the work. Also these parts are very interesting from a 
historical point of view. The methods given form a 
transition from the more ancient astronomy represented 
by the Paitamaha Siddhanta condensed by Varaha, giving 
only mean sun and moon, to the later epicyclic astronomy 
represented by the Saura Siddhanta condensed by him. 
Of these, about II. 1, Dr. Thibaut (T) makes the remark, 
“ a stanza of obscure import,” and leaves it at that, 
without attempting to translate it, and Sudhakara 
Dvidevi (5) remarks: “ t% ft 

So much for the sun. About 
II. 2-6, T says (and S echoes him): “ Of the above 

1, The references are to the PancbasiddhlntiRS, edffed' - by 
Dr. Th.baut and MM. Sudhakara Dv;vedi 1889 and reprinted 
by Motilal Banarsi Das, Lahore, 19 j0. 
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COLLECTED PAPERS 


stanzas we have succeeded in making out the sense in 
part only. They manifestly teach how to find the mean 
and perhaps also the true positions of the moon by means 
of a process more compendious than the one usually 
employed in Indian Astronomy. 

“What preliminary operation is presented in stanza 

I, we are altogether unable to say 1 .It is not apparent 

why stanza 5 directs us to add for that half-gati six Signs 
plus four minutes to the moon’s mean place, for the 
moon’s mean motion in one half-gati amounts to 
considerably more, viz. six Signs plus about 92 minutes. 
Nor are we at present able to throw light upon the 
meaning of the processes prescribed in stanza 6. They 
possibly refer to the operation of finding the moon’s true 
place, although we are more inclined to think that this 
latter part is treated in stanzas 4-9 of the next (i.e., Ill) 
chapter. And S says: 

^ 3177 %Thus T and S are both 

unaware that stanza 6 indeed gives the operation of 
finding the true moon. Further, their interpretation of 

II. 3-5 is wrong in several places, and by this they have 

shut out important necessary data. About III. 4. 
(including the next five stanzas as well), T remarks 
without being.able to give any translation, “ Six stanzas 
referring to the moon. The details, however, are 
obscure.” About the same S says, “ (i.e. 4-9) 

stmtat and he has left it there without 

coming back to it. In spite of this self-confessed 

ignorance, T remarks on p. li of his Introduction, “. 

the methods are so crude and so completely omit to 
distinguish between mean and true astronomical quanti¬ 
ties that the Vasistha Siddhanta can hardly be included 
within scientific Hindu Astronomy”. 


1. It is evident that Dr. Thibaut thinks that II. 1 also deals 
vith the moon, while it really deals with the syn, 
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The Pancasiddhantika was first printed in 1889 and 
during these nearly 70 years nobody, to my knowledge, 
has thrown light on the true nature of the Vasistha 
Siddhanta. 1 2 * * In dealing with the topic in question, it is 
my desire also to discuss the readings of the text. We 
have only two manuscripts to go by, one badly vitiated 
and the other worse, both printed in the edition, one 
against the emended text and the other as footnotes. 
Frequent quotations, from the Pancasiddhantika are 
found in Bhattotpala’s commentary of the Brhatsamhita, 
but the range of our topic is limited, the whole thing 
taking only 14 aryas, and these are not found quoted 
anywhere, as far as I know. But the subject matter being 
scientific, it is possible to fix the correct text fairly well 
in most places of doubt, taking for our guidance the 
arya metre and the relics of the slaughtered words, 
provided we are certain of the intention of the author. 
I now proceed to the elucidation of the text. The under¬ 
standing of the text every where comes first, as that is 
the basis for the correction of the text. 8 

The Sun 
II. 1. 




3*3^ l 


1. This is only one of many important topics in the Paflca- 
siddhantika needing enlightenment, like the Paulina sun, moon, 
solar eclipse, and ‘star-planets’, the last 18 verses dealing 
with ‘star-planets’ and their authorship, etc. where T and S 
have either professed ignorance or gone wrong. 

2. The printed Ms. Text is given on the left and my own 

emended text, opposite to it on the right. T’g readings and 

the footnote readings are mentioned when necessary. 
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IT. 1. The days from epoch (Ahargana) are to be 
multiplied by 4, and 6 added to the product. This is to 
be divided by 1461 (and the remainder taken). From the 
remainder should be deducted successively 126 minus 
1, 0, 0, 0, 2, 4, 7, 9, 9, 8, 6, 5, (i.e., the twelve quantities 
125, 126, 126, 126, 124, 122, 119, 117, 117, 118, 120, 121 
are to be deducted successively). (The sun’s Rasis, Mesa 
etc., are successively got). 


It is to be noted that Ahargana is not mentioned, 
that we should take the remainder for the operation is 
not mentioned, and what we get by this rule is not given. 
We have to presume all these. The word Ahargana can 
be easily understood, because that is the starting point of 
of computation. The rule given, as also the numbers, 
point to the necessity of taking the remainder, and to the 
true sun in Rasis, as the object of the operation. 


The rule is explained as follows: The days from 
the epoch by being multiplied by 4 are converted into 
quarter-days. 6 quarter days are added to this because 
the beginning of the year, (in this case the true year), is 
1 £ days before the epoch, and by the addition of the 
6 quarter-days we get the total quarter-days from the 
beginning of the true year. According to this Siddhanta 
the year contains 365| days or 1461 quarter days. So by 
dividing out the total quarter days by 1461 and taking 
the remainder we get the quarter days from the beginning 
of the current year. During the first 125 quarter days 
(i.e., 31 i days) of the year the sun traverses the first Rasi, 
i.e., Me§a. During the next 126 quarter days (i.e., 31£ 
days) he crosses the second, i.e., Rsabha Rasi, and so on. 
It is to be noted that there are 12 quantities for the 
12 Ra§is, and that these add up to 1461. The sun’s 
position within a Rasi is expected to be found by 
proportion. 
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Thus if the days from epoch is 942, say, the quarter 
days from the beginning of the year just before the epoch 
is, 942x4+6=3774. Dividing out by, 1461, we get 2 full 
solar years elapsed (which are not wanted), and 852 
quarter days are left over in the third year. We can take 
from this 125, 126, 126, 126, 124 and 122, and 103 quarter 
days are left over, i.e. the sun has passed six full RaSis, 
and in the seventh he has gone 103/119 parts or 26°. 

At epoch, the sun is 6/125 X 30° = 1°26 / in Me$a, 
at sunrise at Ujjain on Sunday, (near the end of Saka 
427). What is the epoch, and how we are to find the 
days from epoch, these two things are not mentioned 
here. But ch. I. 8-13 gives rules to find the days from 
epoch and we can adopt it, though given for Romaka 
and Paulisa, for the interval between two points of time 
is invariant. Only we must take into account the time 
of day of epoch. Vasistha epoch most probably is sun¬ 
rise at Ujjain, Sunday, at the end of saka 427. This 
matter will be discussed subsequently. 

Now we are in a position to discuss the adopted 
readings, T and S, because they have not understood the 
stanza, have simply corected the obvious scriptory errors, 
and so far as they go, they are correct. The text-reading 
qqqg has been corrected into following the variant 

reading is corrected into is 

corrected as I have made the following further 

corrections: (1) has been deleted and only sRjj 
retained, because the first foot clearly ends with and 
there are two matras extra. It is better erf is omitted 
because one Ms. has it, the other having a corruption, 
qq. But both Mss. have sjrf. (2) In the third foot, 
I have interchanged and made it stqrqr, because 

order requires it. There must be a gradual and 
continuous fall from 126 to 117. The values indeed 
must have been obtained empirically, but it is too much 
to assume that the Siddhanta was not aware of the 
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gradual nature of the fall and rise, and gave what it saw 
as The error of observation also would be too 

great if it is *src$cr. 


The Moon 


qsf II 

swtjrlTOfesr 
atesRsjfejgforer I 

jmsrmajtisnsir n 
nfagT 

rttfoqETSTtWcU 5K55T: afacrr: i 

*T?q§ swgor <TCcf: II 

rrf?R «non0 

fsHiaijf I 

^T?3JtI?3T5IT- 

qjgy ^f?ir n 

*%q>q?fiTf^s 

fag# sr i 

<T 3 f- 

?j3t fa<rt«ft *# T55RF II 

imr^f^raTg. 
srafci: s?ffa sifadgf#: 1 
*Tcqq?P<Tr 3l«t> 

fearwV u 


II.. 2-6 
2 

cftrga^jofl^ sri ^rrot i 
t) 3 r fR^gofa 

*Tciqi 5 ^| 5 Hr: q^ %qj^ || 

3 SR[<Tfa^] f $1$ 

at3gf?j|vqf^rg ; 0T« ^npqqqg I 

flffa ^snfegirsRr 

i 

4 fa<Rg=fal itrstt 
^H^ isr^ffT-rn m>rti: 

T.sfaqr 

*ir 3 «?cer: II 

5 iTcqsi ¥R<JTI§ 

fem*g«*; 5 fgwi* | 
^qq^iTrsj^Tr- 

«TiTcnifc'T»^' || 

i% 3 ^cf x( | 
U 3 %?q^T: <Tf- 

S 3 * fean ii 

III. 4 

[fa]FRTc7^5Tjn^ 
5?trr5i?5TTf»enir^ jO jjfoi: j 
. Tcqvtfpcjjs^baft 
fear^jjV flrqgf#g«j: n 
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II. 2. 1936 is added to the days from epoch, and 

the total divided by 3031. The quotient are called 
Ghanas. The remainder is to be multiplied by 9 and 
divided by 248. The quotient are called Gatis. The 
remainder are called Padas. 

11. 3. The Ghanas are to be divided by 16 and the 
remainder taken. This should be multiplied by 3 and 
divided by 4. This is Rasi etc. It should be deducted 
from 12 Rasis (and the remainder written down). 
Minutes of arc equal to twice the total Ghanas (are to be 
added). One Rasi, 7 degrees and 29 minutes are (also to 
be added). 

II. 4. 185 multiplied by the Gatis minus a tenth of 

the Gatis are minutes (which are also to be added). The 
(first) 124 Padas are designated a half-gati. (If the Padas 
are less than 124) they are called plus-padas. If more 
than 124, 124 is taken from it to form a half-gati, and the 
remainder are called minus-padas. 

II. 5. If there is a half-gati, (for the sake of that 
half-gati) 6 Rasis and 4 minutes are to be added. Also 
degrees equal in number to the plus-padas or minus- 
padas (are to be added). With these plus or minus padas 
respectively, the minutes got by the plus operation or 
minus operation respectively (in II. 6) are to be added. 

II. 6. Deduct one from the plus-pada or minus- 
pada, and multiply this by 5. (If plus-pada) add the 
product to 1094, multiply the sum by the plus pada and 
divide by 63. The resulting minutes (are to be added). 
If minus-pada, the product is to be substracted from 
2414, the remainder multiplied by the minus-pada, and 
divided by 63. The resulting minutes (are to be added). 
(Thus the true moon is got). 

III. 4. Deduct 9 from the number of plus or minus 
padas, multiply this by 10 and divided by 7. Add this 
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to 702 if plus-padas. Deduct this from 879 if minus- 
padas. The resulting minutes are the daily motion (for 
the day ending with the padas). 

The following is the explanation of the process. The 
true moon at a given time t. is, (i) the mean moon at t 
plus (ii) the equation of the centre for t. (i) is given 
here in five parts. We shall call them a, b, c, d, e which 
are to be added up to get the total mean moon, a 
(usually called the Mula-dhruva) is the position of the 
mean moon at a point of time 1936 days before the 
epoch, when the moon’s apogee and the mean moon 
exactly coincided, according to this Siddhanta. This is 
given as sifergfHfr^nTSJ 5cr?*Ti?n:, i.e. 1 Rasi, 7 degrees, 
29 minutes, b is the mean motion during a whole 
numbers of cycles of 3031 days, each cycle equal to 110 
anomalistic revolutions of the moon, from that point of 
time. This b is found by multiplying the mean motion 
per cycle, (110 revolutions; 11 Rasis, 7 degrees, 32 
minutes), by the number of cycles, called Ghanas, 
obtained as quotient by dividing the Ahargana plus 1936 
days, by 3031. As full revolutions may be neglected, it 
is enough if we multiply the Ghanas by 11 Rasis, 7 
degrees, 32 minutes, which may be done as Ghanas 
X2' + Ghanas X ll r 7°3O'. Ghanas X 2' is given by 
fscgorsRT: f55i: (*rt37>’0- Because 16 Ghanas x ll'-7°30' 
equals 15 full revolutions, it is enough if we divide out 
the Ghanas by 16 and take the remainder alone for multi¬ 
plication, which we are asked to do by sht 
A s II* - 7°30' is | Rasi less than a full revolution, we can 
multiply the remaining Ghanas by f Rasi and take this 
as substractive, which we are instructed to do by stssptt- 
stfepjfnfcT Thus b is disposed of, c is the 

mean motion during the subsequent full anomalistic 
revolutions called Gatis, which form the quotient got by 
dividing the remaining days by the anomalisticperiod, 
248/9 days; (multiplying the days by 9 and dividing by 
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248 is only dividing by 248/9). For each Gati the mean 
motion is 1 revolution and 184 9/10 minutes. Hence 
the rule to multiply the Gatis by 185' and deduct minutes 
equal to 1/10 of the Gatis. This is given by 
nfW What are now left over 

are 9ths of days called Padas (and these obviously would 
be less than 248). The mean motion per pada is 1°27'.843, 
and so Padas X 1°27'.843 should be added to complete 
the mean motion till t. Of this the Siddhanta asks us to 
add 1° per Pada first which is given by 
(iftssr-) This forms d. The residue 27'.843 per Pada 
forming e is combined with the equation of the centre 
(ii) and given by the two equations of II. 6. If the Padas 
contain a half-gati, the value of d+e-\-{ ii) for the half- 
gati part are combined together and given as 180°4'. This 
180°4' is got as follows: The half-gati is equal to 124 padas. 
Sod=124°. e+(ii) given by the equation is {(1094+5 X 
(124-1)} X 124/63 = 3364' = 56°4'; 124°+5S°4' - 180°4'. 
Thus it is that we get 180°4' for a half-gati, given by 
^ which instruction has so 

much puzzled T and S. But of course this is incorrect, 
and the defect lies in the equation of the centre part of 
the formulae in II, 6, which give the zero value for the 
equation of the centre not at 124 Padas, but at 133 Padas, 
as I shall show presently. 


1 shall first explain II, 6, and show how the formulae 
here combine the residual mean motion, viz. Padas 
X27'.843( = e), with what is identifiable with the equation 
of the centre (=ii). If P—plus or minus Padas, the 
formula for plus-padas can be written down as 
(1094+5(P— l)}P/63, and the formula for minus-padas, 
as (2414—5(P—l)}P/63. Let us first take the plus-pada 
formula. As we have said e+(ii)={ 1094+5(P—l}P/63, 
and e=27'.843 P. 

2 
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Therefore (ii)={1094+5(P-l)}P/63-27'.843 P 

=(1089+5P) P/63-63 X 27'.843 P/63. 
=(1089-1754+5 P) P/63. 

=(5P—665) P/63. 

Taking the minus-pada formula, 

(ii)={2414-5(P-l)}P/63-27'.843 P 
= (2419-5 P)P/63-63 X 27'.843 P/63 
= (2419-1754—5P) P/63 
= (665-5 P) P/63 

Now, the plus-pada representing the original Padas 
lying within 0 to 124 Padas, correspond to the anomaly 
lying between 0 and 180°. The minus-padas correspond 
to the anomaly lying between 180° and 360°. So for the 
plus-pada the equation of the centre must be negative. 1 
We see, (5P-665) P/63 is indeed negative for all values 
of plus-pada, and (665-5P) P/63 is positive for all values 
of minus-pada. It is to be noted that the one is the 
negative of the other. Again, the former starts from the 
value 0 for P = 0, gradually goes to a minimum for P = 66J 
and again gradually, increases reaching 0 for P= 133, 
(but P stops with 124), while the latter starting from 
0 value for P=0, goes to a maximum for P=66| and 
falls gradually to 0 in a similar manner. Thus the 
equations roughly behave like the term of the equation of 
the centre of modern astronomy, -k sin Q, and therefore 
identiable with the equation of the centre. This is 
noteworthy, as forming a transition from a stage of 
no equation of the centre to the stage of epicyclic 
astronomy giving the equation of the centre in the form. 


1. Negative, because unlike in modern astronomy, moon minus 
apogee is taken as anomaly. This is the practice in Hindu 
astronomy. 
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-k sin $. Substituting 66| for P we get the maximum 
or minimum equation of the centre = 351.* 

I now proceed to the explanation of III.4, giving the 
formulae for the daily motion. They can be written 
down thus: 

For plus-padas, 702'+10' (P-9)/7. For minus-padas, 
879'—10' (P-9)/7. We see, these being linear equations, 
that the increase or decrease in the daily motion is 
uniform, from 702' to 879' and back again from 879' 
to 702'. 702' is the minimum and 879' is the maximum, 
the former being 88'.5 less and the latter 88'.5 more 2 than 
the mean motion 790'. 6. Though mathematically we can 
get values less than 702' and more than 879' for P less 
than 9, this is not envisaged by the Siddhanta. I shall 
now derive these rules from those of II. 6 and thus show 
that these belong to the Vasistha, to whatever other 
Siddhanta also they belong. 

The daily motion for the day ending P padas is 
clearly, the true moon for P minus the true moon for 
(P-9). So for plus-padas the daily motion is, 

[(a+6+c+P°+{ 1094+5 (P-l)P} P/63)] 

— [(a+b+c+ (P-9)° + {1094+5 (P-1-9)} 

(P-9)/63)] in minutes 

= 540+1089 P/63 +5P a /63-1089 (P-9)/63-5 (P-9) a /63 
= 540+1089 (P-9+9)/63+5 (P-9+9) a /63-1089 (P-9)/63 

-5(P-9) a /63 

= 5404-1089 X 9/63+5 X 9 a /63+90 (P-9)/63 
= 540+162+10 (P-9)/7 
= 702+10 (P- 9)11. 

1. Note how close this is to the modern value, 377' and how 
different from the circa = 301' of later Hindu astronomy. 

2. Modern astronomy gives = 86' on the average. See how the 
Vasistha value = 88 1/2 is far better than the C. 68' of later 
Hindu astronomy. 
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In the same way for the minus-padas, 

[(n+6+c+P°+{2414-5 (P-1)} P/63)] 
-[(a+b+c+(P-9)°+{(2414-5(P-l-9))}(P-9)/63] 

(in minutes) 

= 540+2419 P/63-5 P 2 /63-2419(P-9)/63+5(P-9) 2 /63 
= 540+2419 (P-9+9)/63-5 (P-9+9) a /63-2419 

(P-9)/63 + 5 (P-9) a /63. 
= 540+2419 X 9/63-5 x 9 2 /63-90 (P-9)/63 
= 540+339-10 (P-9)/7 
= 879-10 (P-9)/7. 

It is also possible to establish the connection, by 
summing the two expressions of 1II.4, and arriving at the 
formulae of II. 6. For the matter of that, there are 
reasons to surmise that II. 6. was got from III. 4. by 
summation. The difference from the mean position 
must have been first noticed. This must have been 
accounted for by a variation in the motion from a 
minimum to a maximum and vice versa, postulating the 
variation to be constant as in III. 4. The factor (p-9) 
must have been introduced because the minimum 702' 
must be obtained for the first day ending 9 Padas, and so 
on for the others, (though P-4J would have done 
better). Then by summation formulae, II. 6. must have 
been got. That is why the 0 value of the equation of the 
centre results for 133 padas instead of 124, and for a 
half-gati we get 180"4' instead of the correct 181°32'. 
Otherwise, it is easy to have given the 0 value for 
124 padas, and the maximum or minimum for 62 padas, 
by making the equation of the centre formulae equal 
to +(5P-620) X P/63, and combining these with 27'.843 P. 
The factor (P-1) in the formulae of II. 6, seems to form 
a relic of a prior summation, which Varaha seems to 
have retained out of respect for the original Siddhanta, 
for the same result will be got by the more simplified 
forms, (1089+5P) P/63 and (2419-5P) P/63. 
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I shall now point out some of the errors committed 
by T and S. They have seriously gone wrong in their 
interpretation of the second half of II. 3, and this after 
making two uncalled for emendations of the Ms. text. 
(See discussion of the text). In this part, as we have 
already seen, we are asked to add minutes equal to twice 
the Ghanas, and also add the Mula-Dhruva, (or Ksepa), 

1 Rasi 7°29'. T and S interpret it as, “Multiply the 
Ghanas by 2 and divide by 2971. The resulting Rasis 
etc. are to be added”. This means, instead of 2' per 
Ghana we add V 13", and we do not add the Ksepa 
1 Rasi 7° 29' at all. As for the T 13", this is unwarranted 
when both the Mss. say 2' per Ghana. An emendation 
is called for only when a quantity given is so far removed 
from the actual that it is not likely to be the quantity 
given by the Siddhanta. Now the value 2' agrees better 
with the mean motion (siderial) per Ghana, viz. 
110 revolutions 11 Rasis 7° 32' 33".5 given by modern 
astronomy, 7° 32' 15" for the time of Varaha. It agrees 
almost prefectly with the value of Siddhanta Siromani of 
Bhaskara II. While it is a matter for wonder and 
admiration how the ancient Vasistha achieved a thing not 
achieved by most later Siddhantas, T and S come in and 
spoil the whole thing by their emendations. 

As for the Ksepa which T and S have obliterated, it 
is essential, as it supplies the Muladhruva. This can be 
seen from the mean moon I give according to different 
systems for sun-set at Yavanapura, (Alexandria), i.e., 
for 37 nadis, 20 vinadis after mean sun-rise at Ujjain, 
Sunday, close to the end of saka 427. 

Modern astronomy (this from the Vernal 
equinox of epoch) 354° 48' 

Vasistha (with the Ksepa, taking Ujjain 
sunrise for the Vasistha epoch) 355° 6' 
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Vasistha (without the Ksepa, taking Ujjain 
sunrise for the Vasistha epoch) 317° 37' 

Siddhanta Siromani 355° 49' 

Romaka 356° 12' 

Saura (with Ujjain noon for epoch, given) 355° 6' 

Vasistha (with the Ksepa, taking Ujjain 
37-20 nadikas for epoch for Vasistha also) 346° 54' 

Vasistha (without the Ksepa, taking Ujjain 
37-20 nadikas for Vasistha epoch also) 309° 25' 

We see that with the Ksepa in tact Vasistha mean moon 
agrees with the other Siddhantas and modern astronomy. 
With the Ksepa gone, there is a defect of 37°. 

Incidentally we must discuss another point here, viz. 
what time of the day is the Vasistha epoch. Varaha gives 
different times of day for different Siddhantas, and 
sometimes even for the same Siddhanta. For the Saura 
sun, moon, moon’s apogee and Rahu, midday at Ujjain 
(Sunday) is given as the time of epoch, and for the 
planets, the midnight following. For the Paitamaha the 
time of day of epoch is morning (though the year is 
different). For the Romaka the epoch time of day is 
sunset at Yavanapura (Alexandria) which is equal to 
37 nadikas 20 vinadikas from sunrise at Ujjain (Sunday), 
excepting for the moon’s apogee, for which sunset at 
Ujjain is given as the time. In the case of the Paulisa 
the time is not mentioned, unless we strain srrsferf^: 

(I. 10.) a bit, and make it mean that the 
Paulisa time of epoch also is sunset at Yavanapura like 
the Romaka. But we can infer that it is indeed so, from 
III. 13-15. For the Vasistha also the time is not 
mentioned. Is it sunset at Yavanapura, because it has 
been given as a general instruction ? Or is it sunrise at 
Ujjain, as in the Paitamaha ? If it is sunrise at Ujjain, 
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the Vasistha moon agrees closely with those of other 
Siddhantas as also modern astronomy. If it is sunset at 
Yavanapura it is defective by about 8°. (If the Ksepa is 
not taken into account the defect will be about 45°). 
Now 8° difference is too much, especially when we 
consider the accuracy of the Vasistha moon’s mean 
motion. So the time of day of the epoch for Vasistha 
must be mean sunrise at Ujjain (Sunday). If we emend 

II. 3. into, “.siferog then the Ksepa is 

lr-14° 29'. In this case the Vasistha moon will be 353°54' 
at Ujjain 37-20 Nadikas, which agrees approximately 
with other Siddhantas. So we can take the Ksepa as 
1-14°29', and keep sun-set at Yavanapura. But here 
there is the weight of the emendation. 

We shall now continue our main discussion. In 
their interpretation of II. 4-5 also. T and S have fallen 
into material errors. In II. 4, two terms, plus-padas and 
minus-padas are defined, to be used in II. 6, which have 
been missed by them. 

In II. 5, 7”s translation wants us to add degrees equal 
to the number of Padas, only in the case of the Padas 
left over after deducting 124, i.e., in the case of what 
amounts to the minus-padas only. On the other hand 
this applies to the plus-padas as well. But S”s 
commentary gives the correct interpretation. In the 
second part of this stanza, T’s translation is non¬ 
committal. S’s interpretation is positively erroneous. 
He says: swrrfiir 

i.e., if the original padas are less than 124, 
the result of II. 6. is subtractive, if more than 124, 
additive. Evidently he thinks that II. 6. gives the equa¬ 
tion of the centre, pure and simple, and it must be 
subtractive for padas less than 124, and additive other¬ 
wise. But as I have already explained, there are two 
rules in II. 6, the first requiring the addition of two 
terms, and the second requiring the subtraction of one 
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term from another. In the first, Padas less than 124 are 
to be used. But the result of either rule is to be added 
to the mean moon so far obtained. There is no question 
of subtraction here at all. 

As for II. 6. T and S have said in so many words 
they do not understand it, but nevertheless given an 
interpretation, which naturally is wrong. III. 4, they 
have not touched. 

Now we are in a position to discuss the readings of 
II. 2-6. and III. 4. 

In II. 2. there are the scriptory errors, 5 rR 5 tt 5 njaT 
for and srar for which T and S' have 

corrected. I have adopted these corrections. 

In II. 3, the scribal errors for for 

gfergfnra for sifcsjgfcrer, sr«rr for etatt and seutsttsit 
for sr Tnptrar:, which T and S have corrected, I have 
adopted. T and S have corrected into srpq, while 
I have made it as giving the sense better, and also 

more likely. There is a broken part in the Ms. text which 
T has correctly guessed as and printed within 

brackets, and I have adopted this. 

Apart from these small errors the Ms. is alright. But 
T and S have carried out two uncalled for emendations 
which seriously affect the subject matter. The first is 
the changing of into (when both Mss. give srsst), 
simply because if the second emendation is made, 
would be troublesome. The second is the conversion of 
into when neither Ms. 

has gs, and the arya metre is sinned against by the 
addition of the two matras, thus giving 18 matras to the 

1. The one matra extra as it is, is excusable according to some 

commentators on Prosody. Or else, m ust be read as 
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fourth foot and making it a Giti, which Varaha nowhere 
uses in his text 1 . Further they have done this thinking 
they are improving the text. On the other hand they 
have spoiled the already correct and better text, and also 
shut out a necessary data (viz., the Muladhruva), as we 
have shown before. 

In II. 4, T and S have corrected fq?rr qissn into faar: 
5E5rr:, which I have also done. Metre requires that 
TfT^tr, must be changed into q?%^qf and q? will be a 
better word also. T and S’ have failed to notice this, and 
retained qr^mr. qsfer, (a likely corruption for qghq or 
qasnq,) does not agree with the value given for the Ghana, 
and T and S have rightly amended it into qjrgfcq. T and S 
have corrected qcq: into q?<r:, not understanding the text 
properly, and qrer may stand. 

In II. 5. fewsjjfq! for *wt« 3T5IT: for 

as? for isj, and for are all scribal 
errors corrected by T and S and adopted by me. In II. 6, 
qqsJt ^ for is the only error, and that too scribal. 

T and S have made the correction and I have taken it. 

In III. 4, for is a scribal 

error corrected by T and S and adopted by me. As for 
corrected by T and S into erfsq^rersr) 
is a better correction, as retaining the ail at 
the end. The masculine gender that results is not 
ungrammatical, for making the word qualify is 

better than making it qualify An alternative 

correction would be suftq which seems to be better 

still as it retains qr) (r) is given by both Mss.) instead of 
making it and I have adopted this. All three 

readings give 702 which is required in the formula, 
and qugfftqq??: being apparently correct, T and S have 

1. The ons rnitra extra as it is, is excusable according to some 
commentators on Prosody. Or else, u^TTsn must be reqd as 

3 ' 
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not touched it, which is what all they could have done, 
because they have refrained from interpreting the stanza, 
saying the meaning is obscure. But both need correction. 
First we shall take up . A matra is wanting in the 
foot. I have shown the rules here are derivable from 
II. 6 . The rules require “Padas minus nine” to be used. 
So I have made sriTRl into [f%] which 

gives the required meaning, supplying the wanting matra. 
As for erggf?R«rctq: the second rule requires 879, and the 
numbers are given in the wrong order by the manuscript 
text. So I have emended it into frqgfifq^q:, 


Tithi and Naksatra 
II. 7 


war# 

srasfcscrr I 

sifqqnt- 


feqqr- 

# fotsreerg&qtea: n 


III. 7. The quarter part of the true moon multiplied 
by 9 gives the Naksatra (in the Rasi column), and what 
is in the degree column are the Muhurtas. Half the sun 
minus moon, multiplied by 5 gives the Tithis, in the 
same manner, (i.e., in the Rasi column, and 30ths of 
Tithis in the degree column). 

The rules are simple and based on the fact that there 
are 2\ Naksatras for a Rasi and 2| Tithis. Two 
things are noteworthy here. The word Muhurta now 
only a measure of time, (through the time of staying of 
the moon in a Naksatra being used as a measure of time), 
is used for the 30th of a Naksatra segment. Even as 
applied to the 30th part of the duration of a Naksatra, it 
is different from the period of 2 Nadikas, in which sense 
it is usually used. 

Now for the text: The scriptory errors sifecTt for 
Stolen and 31 # * 3 : for gg#wg:, are corrected by T and 
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S and I have adopted their correction. in the 

manuscript is corrupt and has been emended into 
by T and S because the rule requires it, and two 
matras are wanting. Also, the foot should end with fsr^fgr. 
I have adopted their emendation. would be 

an alternative emendation, which would extend the 
scope of the Naksatra rule to the sun as well. ' 

Daylight 
II. 8 

l iRrff fsfagcit | 

srcferw srl^trRR li wfikmiv JnlnctnRR II 

II. 8. When the sun is in Makara etc. (upto Mesa), 
the sun (iu Rasis) plus 3 is the duration of daytime (in 
Muhurtas). When the sun is from Mesa etc. (upto 
Karkata), the sun plus 15 is the duration of daytime. 
When the sun is in the 6 Rasis from Karkata, the sun 
plus 9, is the measure of the night-time. 

The rule is easy to understand. According to this 
Siddhanta the shortest daytime is 12 Muhurtas (i.e., 
24 Nadikas), which occurs when the sun is at the 
beginning of Makara. The longest day is 18 Muhurtas 
with the sun at the beginning of Karkata. Between 
Makara and Karkata, there is increase in daylight in 
Muhurtas equal to the motion of the sun in Rasis, and 
from Karkata to Makara, there is increase of the night¬ 
time in the same manner. 

It is to be noted that the rule gives the same result as 
the Paitamaha Siddhanta and the Vedanga Jyautisa, with 
this difference that here the variation of daylight is with 
the true sun. It is also to be noted that really the daylight 
increases or decreases not with the sun as given here, but 
with the tangent of the declination of the sun. The 
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maximum-minimum daylight gives points to the extreme 
north of India, lat. 34°45'. 


Now, the meaning easily follows with two small 
changes made in the text, tfir for and qsg for ^ 
(which latter T and S have also made). But not under¬ 
standing the Stanza (or perhaps finding it disagreeing 
with II. 9-10) T and S have made a drastic change in the 
text, viz. for The letters of 

are quite unrelated with the letters in ^rr^t. I 
cannot understand how means 1591, i.e., how 

means 9. (It is not a misprint, for the commentary 
also uses the expression.) Again smferaT: is taken to 
mean three by three, while it can only mean three threes, 
i.e., 9. Even if we allow these things, the meaning given 
by them is self-condemnatory. At the rate of 3 palas a 
day the measure of the day is 1865 palas when the sun is 
at the beginning of Mesa, and 2139 when the sun is at 
the beginning of Karkata, which means the night is 1461 
palas; and this disagrees with 1591, because the duration 
of the day at Makaradi is the duration of the night at 
Karkatadi. The equinoxes according to this interpreta¬ 
tion would occur 22 days before the sun reaches Mesa 
and 22 days after he leaves Kanya, i.e., from Vernal 
equinox to Autumnal equinox, there would be 226 days 
and from Autumnal equinox to Vernal equinox, there 
would be 139 days ! 


I have incidentally discussed the readings here. One 
remains, which I have changed into frtisr, as *?r 

being written for is common in certain parts of India. 


The noon - day shadow and the sun 
II. 9-10 


9. g syra 


9. 

f53<JT i 
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»f*i<^r srert«i 

Ti3?5i*qt tfMqfa ii 


2t 

10. ««iig^raT§ 

3?nq?lr *T5Tteq 


II. 9. When (the Sun is) in the (6) Rasis beginning 
with Karkata, the number of Rasis passed beginning with 
Karkata, multiplied by 2, is the noon-shadow (in 
Angulls). The same (rule should be followed) when (the 
Sun is) in the (6) Rasis from Makara. But in this case 
the result is to be deducted from 12 Rasis (to get the 
shadow). 


II. 10. When the Sun is in the south-ward course, 
(i.e. in the 6 Rasis from Karkata), half the noon-shadow 
plus three Rasis is the Sun (in RaSis etc.) When he is in 
the north-ward course, (i.e. in the 6 Rasis from Makara) 
half the noon-shadow is to be subtracted from 15 and the 
Sun is got. 


It is supposed that the shadow increases propor¬ 
tionately with the Sun from a starting value zero at the 
beginning of Karkata. At the beginning of Makara the 
maximum, 12 angulls, is reached. Then it decreases as 
it increases, and comes back to zero at the beginning of 
Karkata. The length of the gnomon is not mentioned, 
but most probably it is 12 angulls, commonly given in 
Hindu astronomy. Zero at the beginning of Karkata 
would give about 24° Lat. to the region where the rule 
holds, and 12 angulis maximum would give 21°. Thus 
there is contradiction within the stanza itself. This 
contradiction may be resolved by taking the gnomon as 
11 angulls, but this is not likely. Neither of these agrees 
with Lat. 34°45' got from the maximum and minimum 
daylight. The uniform variation is wrong, which means 
that the rule is not based on observation even at intervals. 
Therefore, the rules must have been taken from different 
sources and pieced together, and the remark of Brahma- 
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gupta, qctrsrT seems to 

hold here, II. 10 is the reverse of II. 9. 


As for the readings, for ^gr^rf^g, 

for uitttfpffft, for sn^sr for sreifa, 

jp^ostshar for qo¥« 5 icgt«r, are scribal errors corrected by 
T and S, and adopted by me. T and S have corrected 
fsRgfltPt. into f^srtftna, while I have made it 
because jj is better for the meaning than =gr, and the 
likelihood is greater. All this in II. 9. There is no error 
in II. 10, worth the name. 


Lagna from shadow and shadow from Lagna 
II. 11-13 


11 . gfSElfa: 
fivqilt IsnrsSTSPTTST I 

*t.4> viarer su* n 

12 . 

sirawr i 

sirre ii 

13. 55«%g[T?5I^ 

nvngsPttr i 

at f%i%«rr 3Rr 

ii 


11 . ^srf«r: srsgr^- 

swrit srsfrrar- 

smt; 55iflrq ii 

12 . sq$ f^fTt: 

13. 

^m^rKq. i 

s?r f^%or 

eirfcnj^DTHsfwstr^ ii 


II. 11. The shadow at any moment is to be added to 
12 and the noon shadow (of date) is to be deducted from 
that. By this, 36 is to be divided. This result is to be 
added to the Sun in Rasis to get the Lagna, (i.e. Orient 
Ecliptic Point) (if it is forenoon). If afternoon, the 
result is to be subtracted from 6 Rasis and this added to 
the Sun to get the Lagna. 
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II. 12-13. The sun is to be deducted from the Lagna 
and the remainder converted into minutes of arc, if it is 
forenoon. If afternoon, the remainder should be 
deducted from 6 Rasis and then converted into minutes. 
64800 is to be divided by the minutes. The result is to 
be added to the noon-shadow (of date) and 12 deducted 
from this. This is the shadow (at the time of the given 
Lagna). 

This according to the brief Vasistha Siddhanta. 

Rule II. 11. can be explained as follows. (There is 
no question of proving it because it is rough and has 
been constructed empirically, its justification being its 
serviceability). As in the case of the rough rules current 
to find the time of the day from the shadow, and because 
Lagna follows the time roughly, the equation for Lagna, 
elapsed after sunrise, or to elapse till sun-set, can be 
expressed in the form, a/(s+b)=L, where a and b are 
constants, and s is a function of the shadow. If as a first 
approximation we take the latitude of the place as zero, 
and the ecliptic as coinciding with the celestial equator, 
it follows that there is a rise of 3 lagnas from sun-rise to 
noon, and 3 more from noon to sunset, that at noon, 
when L- 3, the shadow is zero, and that midway between 
sunrise and noon L is and the shadow then is 12 X 
tan 45°, i.e. 12. If really there is no such uniform rise 
of Lagna, and noon does not correspond to rise of 
3 lagnas, but a little more or less, it is because the 
latitude may not be zero, and the ecliptic does not 
coincide with the celestial equator. These would also 
cause shadow at noon where otherwise there would be no 
shadow, and make the shadow at other times differ 
correspondingly. Now it is supposed that by deducting 
the noon-shadow from the shadow the first mentioned 
ideal condition is established, (because then s would 
become zero for noon, and the difference in the shadow 
at other times would be roughly righted). So it is 
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thought that by taking the shadow minus noon-shadow 
instead of the shadow itself, everything would be all 
right (though strictly they would not be). So we may 
write “shadow minus noon-shadow” for 5 . As its value, 
as we have already shown, is 0 for L=3, and 12for L~\\, 
we have the two equations, a/(0+Z>) = 3, a/(12+Z>)=lj, 
to determine a and b; from which we obtain a- 36, 
and b — 12. Thus we get the expression 36/ (shadow 
minus noon-shadow + 12) as the value of the Lagna 
elapsed from sun-rise in the forenoon, and the Lagna to 
elapse till sunset in the afternoon. As at sun-rise, the 
longitude of the sun is the Lagna, this is to be added to 
the sun. As at sun-set the longitude of the sun plus 
6 Ra§is is the Lagna, the result is deducted from the sun 
plus 6 Rasis, or which is the same, deducted from 
6 Rasis and the sun added. Thus the rule is explained. 
T s statement in his explanation, “In order to establish a 
workable proportion... 12 is added to the first and to the 
third members...” makes the rule appear more arbitrary 
than necessary. 

The rule II. 12-13. is the inverse operation of the 
rule II. 11. and that explains it. But because the divisor 
which is in Rasis in II. 11, is converted into minutes 
here, the dividend, 36, is multiplied by the number of 
minutes in a Rasi and given as 64800. 

One thing is to be noted. Except for finding when an 
auspicious lagna begins or ends by taking the shadow, 
II. 12-13 can only serve as a mathematical exercise as it 
is, for no rule has been given by the Siddhanta for the 
Lagna other than by using the shadow, and if the Lagna 
is got from the shadow, what is the meaning of getting 
the shadow back from the Lagna? At night the Lagna 
can be got by observation, but then there will be no 
shadow caused by the sun, to which alone the rule 
applies, 
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- The concluding word, though 

forming a part of the last sentence giving the rule 
II. 12-13 may be taken to mean the whole of chapter II, 
and even III. 4, which we have shown to be Vasi§tha’s. 

Now for the readings : the scribal errors 'Sjnnftr: for 
for rnSTcTIST for 

for in II. 11, nm*u for snfjqsrF-stfcrcirejj, 

for sfjmfarre for qfaiisrrra in II. 12, vM 

for ®ssr, mfas for mfei'S in II. 13, have been corrected by 
T and S, which I have also adopted. 

The place of the Vasistha in the history of Hindu 
Astronomy 

The Vasistha marks a stage of development in Hindu 
Astronomy which is intermediate between those 
represented by the Paitamaha (P) and the Saura 
siddhantas condensed by Varaha. The system we find in 
the P is the same as that we find in the Vedanga Jyoti§a 
(V.J). The five-year-yuga, the beginning of the yuga 
from Magha Sukla, the treatment of the Sun and the 
moon alone, the absence of the equation of the centre, so 
that all reckoning is done using only the mean sun and 
the mean moon, the maximum and minimum duration 
•of daylight and its uniform increase and decrease, are all 
found in both. Only the methods are different, the V. J. 
.giving the ending moments of Tithis, lunar and solar, 
.Naksatras etc., by an ingenious method which avoids 
computation using large numbers, while the P gives the 
Ahargana first, and uses this for computation, like the 
other Siddhantas. The Saura, on the Qther hand, 
represents the fully developed stage of Hindu Astronomy, 
"extending the field of operations to the planets as well, 
‘using epicycles for the equation of the centre and the 
equation of conjunction, and using spherical trigonometry 
; to solve various problems. In between comes the 
Vasistha. Methods for the true sun and moon are given. 

4 
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Though the maximum and minimum daylight and its 
uniform increase and decrease is the same as in P, the 
Vasistha deals with other topics also like computing the 
noon-shadow from the sun and vice versa, and the Lagna 
from the shadow and vice versa. 

The Vasistha gives a solar year of 355£ days, which 
is fairly correct. As for the true sun, the method is 
crude, and is valuable only as indicating a distinction 
made between mean and true astronomical quantities, and 
the ability to express the same. Periods of 31|, 3If, 31£, 
3 31, 30 J, 29f, 291, 2929J, 30, 30J days are given 

for the sun to traverse the Rasis Mesa etc., from which 
we can roughly say that the slowest motion is in the 
middle of Mithuna, and the quickest in the middle of 
Dhanus. All these are fairly accurate for the time of the 
Siddhanta. 1 Only, the days for Mesa should be 31 and 
for Mina 30|. Even here the error is less than £ day, 
though it appears to be J day. 

The Vasistha must have obtained these values empiri¬ 
cally, most probably by an analysis of eclipses. It cannot 
be that it is Varaha that gives the values in this empirical 
form, computing them from the equation of the centre 
given by the original Vasistha, for Varaha faithfully gives 
not merely the values, but also the method of the original. 
Or else why should he give different methods for the 
different Siddhantas? In the case of the Vasi§tha he 
gives the sun in periods of days, correct to quarter days. 
In the case of the Paulisa he gives a correction in 


1. Tee periods of days agree well with the equation of the centre 
for the sun, about 13z' given by Hindu A&tronomy. At about 
200 A.D. the equation of the centre was nearly 120', but with 
this was combi >ed the moon’s Annual Equation, about 12’, 
with the Opposite sige, and this maut Uie equation of the 
Centro 13*'. 
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minutes to the mean sun, the correction depending upon 
Rasis of “Anomaly”, the term anomaly here being 
used in.a peculiar sense. In the case of the Romaka’he 
gives the correction to the Sun in the proper form of the 
equation of the centre, “ k sine anomaly In the case 
of the Saura he gives the regular epicyclic theory. It is 
also reasonable to suppose that before the epicyclic theory 
was formed, the previous three stages, just mentioned 
were gone through in the development of Hindu 
Astronomy. 

As regards the moon, we have seen that the mean 
motion of the moon according to Vasistha is more 
accurate than that of other Siddhantas, as also its 
maximum equation of the centre, and its maximum- 
minimum daily true motion. This accuracy is possible 
only if observations of the moon with reference to the 
stars are made, instead of merely depending on anylysis 
of eclipses, which is also necessary. Analysis of eclipses 
can give the mean motion correctly, but the maximum or 
minimum equation of the centre got would be only 
about = 301', considerably less than the true values + 
377', because at syzygies where alone eclipses occur, the 
second inequality called the evection is reduced to the 
same form as the equation of the centre with the opposite 
sign, and a maximum numerical value 76', and thus 
reduces 377' to 30T. It should not be argued that such 
accuracy is against Varaha’s statement in 1.4. There he 
compares only the Tithis of different Siddhantas (because 
that is the most essential thing required, and one of the 
few things that are comparable), and Vasistha - Tithi is 
spoiled not by the moon but by the sun got through using 
the incorrect mean solar year of 365| days 1 and also by 
the roughness of the rules in 11.6. giving the moon’s 
equation of the centre. As already explained (vide 

1. T and S have emended Tithi into Krta, when both Mss. give 
Tithi, and condemned Vasistha beyond Varaha’s intention, 
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above) these rules must have been based on observation 
of the daily motions, and the theory that they increase or 
decrease uniformly. Thus the equation of the centre was 
expressed first in an algebraic form as in the Vasistha. 
Then the trigonometrical expression, “ k sine anomaly, ” 
was discovered and used as agreeing better with observa¬ 
tion. After this the epicycle theory was propounded, for, 
everywhere in science theory comes later to explain 
observed facts. Thus the Vasistha is historically impor¬ 
tant as marking a stage of the development of Hindu 
Astronomy, where we see the first dawn of the true 
notion of heavenly bodies. 
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THE BIJOPANAYA: IS IT A WORK OF 
BHASKARACARYA? 

(Reprinted from M S U., Baroda, June 1959) 


Introduction 

The Bijopanaya is a short work on Indian astronomy 
which enunciates two corrections, to be applied to the 
value of the longitude of the Moon got by applying the 
usual Equation of the Centre, to make it more accurate. 
This work with a commentary called Vdsandbhdsya was 
first published in 1876 by two pioneers in the field of 
Dfk - almanacs is South India, the late Chintamani 
Raghunathacharya of Nungambakkam and Tadhakamalla 
Venkatakrishna Raya of Triplicane. 1 2 A short work called 
Tithinirnayakdrika by Srinivasa Yajvan is also found 
added as an Appendix to this edition. Fifty years later, 
in 1926, another edition with an Introduction was brought 
out by Dr. Ekendranath Ghosh.® Neither edition speaks 
anything about the manuscripts used by the editors and 
it is not definitely known whether the 1926 edition was 
based on independent manuscript material or only on the 
older edition, which is not improbable especially in view 
of the fact that here too the Tithinirnayakdrika appears 
as an Appendix. In both editions the text and the 
commentary are ascribed to the famous Indian astronomer 
Bhaskaracarya II of the 12th cent., author of Siddhdnta- 
siromani, as stated in the colophons of the editions. 3 But 
the work seems to be a much later production and an 
analytical examination tends to show that it cannot be a 


1. Pub. Graves Cookson and Co., Pophatn’s, Broadway, Madras. 

2. Pub. Motilal Banarsidass, Punjab Sanskrit Book Depot, Lahore. 

3. ith uraRwisJr 

spTTfemr: | 


57 1 HjdxrLtmlcjaL 



30 


COLLECTED PAPERS 


work of BhSskarScSrya, and that it is fathered npon him 
by its later author. It is intended to study the question 
from this light. 

In passing, it may be noted that the present work, 
Bijopanaya, seems to be little-known, and no Indian 
astronomer or commentator who followed Bhaskara 
mentions this work or quotes from it, the only exception 
being the Tithinimayakdrika of Srinivasa Yajvan, which 
is given as an Appendix to both the editions of the 
Bijopanaya. Also modern historians of Indian astronomy 
like MM. Sudhakara Dvivedi and S. B. Dikshit have not 
noticed this work in their histories. 

The two corrections enunciated in the Bijopanaya 
are asked to be applied after the usual Equation of the 
Centre 1 has been applied. Of these, the first makes up 
for the deficiency in the Equation of the Centre when 
compared with the correct one, and the second is the 
equivalent of the Inequality called Variation which, when 
applied to the Moon will take it nearer to its true position 
in longitude. 

A brief recapitulation of the history of the discovery 
of the three principal Lunar Inequalities will help in the 
proper evaluation of the Bijopanaya. In the West, the 
first Inequality, viz. the Equation of the Centre , was 
discovered by the Greek astronomer Hipparchus in c. 
140 B.C. Ptolomy of Egypt (c. 140 A.D.) discovered the 
second Inequality known as Ejection. Fourteen centuries 
later, in c. 1580 Tycho Brahe, a Danish astronomer, 
discovered the third Inequality viz. Variation. In India, 
the ancient Vasistha Siddhanla is the first known work 


1. According to the Sid. Sir. the Equation of the Centre is equal 
to -301.8' sin /, where / = the Mean Moon minus its Apogee. 
. The other Siddhantas give equations of very nearly the same 
value. The correct value is -377 ; J' sin /. 
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that takes into account the Equation of the Centre in the 
motion of the Sun, the Moon and the Star planets ( Tara,- 
grahas ), and gives its own peculiar formulae thereof, 
consisting of the summation of an Arithmetical series.* 
The next ancient PaulUa Siddhdnta does not improve 
much on this.* But the Romaka and the Saura Siddhantas 
that followed, as also the later Siddhantas use the usual 
form, a sin Q s . Munjala (932 A.D.) is the first Indian 
astronomer 4 — I have read since that Vatesvara (c. 904 
A.D.) earlier than Munjala has given this — who gives 
the Evection, in his Laghumdnasa, Prakirnadhyaya, 1-2. 
What he gives is equivalent to - 65.3' sin l -f- 65.3' 
sin (/ 2D), 4 the first term compensating to a great extent 
for the deficiency in the Equation of the Centre of 
Hindu astronomy, and the second term forming the 
Evection proper. (To be exact, the coefficients should 
be 76' each). Next to Munjala, §ripati (c. 1000) in his 
Siddhantaiekhara, ch. XI. 2-4, gives the Evection. Then 
Nityananda (1639) in his Siddhantaraja gives the Varia¬ 
tion , calling it by the significant name Pdksika, i.e., one 
having a period equal to a paksa or 15 tit his. If the 
Bijopanaya is Bhaskara’s work, as it purports to be, then 
he should get the palm for being the first, (and so early 
as 1151 A.D.), to give the Variation-, excepting perhaps 
an Arabian astronomer by name Muhammad Abul Wefa, 
who Prof. Godfrey in the Introduction to his Lunar 


1. Tbe.se tormulae can be seen in chs. II and XVtll of Varaha- 
mihira’s Pahcasiddhantika {PS). The daily motions of the 
Moon and heliocentric motion of the Star-planets are supposed 
to increase and decrease uniformly, and the Equations of the 
Centre arc got from this by summation. For details see the 
writer’s paper, ‘The VSsisfha Sun and Moon’, JOR. Madras 
25 (1955-56) 19-41. 

2. See PS ch. III. 

3. Sec PS chs. VIII, IX etc. 

4. D is Mean Moon minus Mean Son. 
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Theory says, “ observed at Baghdad in 975 A.D., aqd 
discovered a third inequality called Muhazal ”. But J ana 
afraid BhSskara is not the author of the Bljopanaya and 
the Hindus cannot have the credit for this. Before 
proceeding to show this, I shall explain the passage in the 
Bljopanaya giving the two corrections. 

The Two Corrections in the Bljopanaya 

Of the 58 slokas in the Bljopanaya only 13, viz. 20-32, 
deal with the two corrections, the rest being devoted to 
various other matters like the praiseworthiness of the 
Tilhis got after applying the corrections. The following 
are these verses: 

qrit w-stqqg 120 | 

:f 's? qqitta: i 

qr^T « 21 j 

qfg i 

i 22 # 

afstmiqifasJtFgjrra giwigrspqg’t qfar | 

Isto g »4T^qet it 23 j 
am: gscft qrfti *%esi=5 i 

i 24 n 

qq ?Jvft5g^S r T '5 I 

qa csimg. funwi^i qfa 125 » 

gjgtg'irg qqr PrftSfWJJ I 

<rcrr (6) ( 13 ) ( 1 ) ^ ( 27 ) ^isgoil (33) 

qqfqs (39) 1 ‘6 1 

^risqq; (<5) qqw (61) rmqh (66) 61) qpjrrm (66) 

n^TSfl: (68) 1 ^qi^ql (70) (74) ^ tq^ifqr (14) qrosgi (76) 

TOPIT: (76) i 27 | 

WCT (76)«rireqr (76 )sttt*?T: (77) 3tjts 41 (77) gj^or (78) 
nsnjgfi (78) I »F* *q (78) qss qfffr qjuj eft ejq l£l 

fgftsg f%se 55:07 q*i * 77 ^ | 

srals^atpqq q«rwd I *ft q^Rtufa fons*Tfsr i 29 | 
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TO* 1 (6) SP5T (9) (13) tjpjpt (17) (22) 

flWW (24) | 

^ITO- (27) ^wi; (30) fggi7iT«r (32) for- (33) ^RfftKWT (34) 

gfbfor$T@T: (34) | 80 | 

(34) SRgqpcfisr (33) (31) (29) i 

(26) fofft (24) (20) rna^ (16) ** (11) ^ (8) 

5-rsr: (3) ^ (0) t 31, 

qcn- aftjRGf ^oi ?re?inr «gf>cr jjjt: i 
sriH ggwj ^i»ft *g?e: *nra; wf&usTsutfg iflnr: i 32 | 

20. The greatest subtractive difference between the 
calculated 3 and observed positions of the Moon, 
occurs when the Moon is 90° forward from its 
Apogee and the Sun is 45° forward from the 
Moon. 8 

21. The greatest additive difference occurs when the 
Sun is 45° behind the Moon which is situated 270° 
from the Apogee. 

22. There is no difference when the Sun and the Moon 
or either is at the Moon’s Apogee or Perigee. 4 

23. When the Sun and the Moon are situated at 90° or 
270° from the Apogee the difference is —34'. 


1. Dr. Ghosh's edition reads ‘^pr’ (6), 

2. Calculated, i.e., by using about -302' sin /, alone, as is done 
usually in Hindu astronomy. 

3. Everywhere Dr, Ghosh has translated Padardha into 180° when 
it really means 45°; while he himself has translated Pada Into 
quadrant (i.e., 90°) everywhere correctly. 

4. Dr. Ghosh adds the word ‘ together ’ here, thus unnecessarily 
restricting the scope of the configuration, for even if one is at 
Apogee and the other at Perigee, the result follows. 

5 
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24. When the Moon is at Apogee and* the Sun is at 
45° from it, either behind or before, there is a 
difference of 34'. 

25a When the Moon is at its Perigee with the Sun at 
45°, before or behind it, the difference is 34'. 

25b-28 Thus, by means of repeated observations after 
varying the situations, I have determined the 
following periodic a corrections; may learned 
people examine these: For 3°45', 7° 30', 11° 15' 
etc. of Anomaly there are the following quantities 
of correction : 6, 13, 21, 27, 33, 39, 45, 51, 56, 61, 
65, 68, 70, 72, 74, 75, 75, 76, 76, 77, 77, 78, 78, 78, 
all in minutes of arc. These are additive or 
subtractive as the Equation of the Centre is additive 
or subtractive; and must be combined with it (and 
applied to the Mean Moon to get the True Moon). 

29-32. This True Moon is then to be subtracted from the 
True Sun. If the remainder is in an odd quadrant 
the following corrections are subtractive, otherwise 
additive. For 3° 15', 7° 30', 11° 15' etc. of the 
remainder, the following corrections are given: 5, 
9, 13, 17, 22, 24, 27, 30, 32, 33, 34, 34, 34, 33, 31, 
29, 26, 24, 20, 16, 11, 8, 3, 0, in minutes. These 
are to be applied to the already corrected Moon 
and we get the correct True Moon. This is to be 
used for getting Naksatras Tithis, etc. for 
ceremonial purposes. 

It may be noted that only six and a half Slokas, 26b 
to 32, give the actual corrections with the instructions 
for applying them. 


1. Dr. Gbosh gives ‘or* fot 'and* which is evidently a slip. 

2. Periodic, as opposed to secular, corrections that go on 
accumulating. 
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It can be readily seen that the second set of quantities 
for correction is approximately the Equation of Variation 
given by modern astronomy, viz. + 39.5' sin 2D, -where 
D is the Mean Moon minus the Mean Sun. 

As for the first set of quantities, each of them can be 
resolved into two parts thus: (5.1 + .9), (10.1 + 2.9), 
(15.2 + 5.8), (20.2 + 6.8), (25.1 + 7.9), (29.8 + 9.2), 
(34.4 + 10.6), (39 + 12), (43.3 + 12.7), (47.5 + 13.5), 

(51.4+ 13.6), (55.2+ 12.8), (58.7 + 11.3), (61.8 + 10.2), 
(64.9 + 9.1), (67.6 + 7.4), (70 + 5), (72.1 + 3.9), 

(73.9 + 2.1), (75.4+ 1.6), (76.5 + .5), (77.3 + .7), 

(77.8 + ,2), (78 + 0). The first parts are equivalent to 
78' sin l, and as these have the same sign as the Equation 
of the Centre given in the Siddhantas, viz. about -302' 
sin /, both combined becomes about -380' sin /, which is 
very nearly the correct Equation of the Centre according 
to modern astronomy. The second parts are roughly 1 
given by (30' -30' sin l) sin 1+5' sin 21. Of these, (30' -30' 
sin /) sin /, it can be seen, is only the part of the 
Equation which is in excess due to the difference in the 
radii of the epicycle at the ends of the even and odd 
quadrants, given by many Hindu astronomical works. 8 
As these corrections purport to be applied after the 
Equation of the Centre of the Siddhanta Sir omani has been 
used, the addition of (30'-30' sin /) sin l (together with 
-78' sin /) would mean that the Siddhanta Sir omani wants 
us to take the Epicycle at even quadrants to be 42'54' 
and at odd quadrants to be 39° 46', instead of having 
throughout 31° 36' as given by it. As for the worth of 
this part of the correction, if it improves the values a 
little in two quadrants, it will make them worse in the 
other two quadrants. Taking the part, (5' sin IT), it may 

1. The difference in any value is less than 1.5'. 

2. The Sid. Siromapi does not give this; as also the ancient 
siddhantas like the Saura. But the Aryabhatiya and the SUrya 
Siddhanta give it. 
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seem to be an improvement because it appears to be a 
part of the term (+13' sin 2/) of the Equation of the 
Centre of modern astronomy. But this correction is not 
an improvement, because this forms part of the first 
correction which has been mentioned to have the same 
sign as the Equation of the Centre (corresponding to the 
principal term thereof of modern astronomy); and as 
such this is an improvement in the second and third 
quadrants, but will make matters worse in the first and 
fourth quadrants. What is to be specially noted is that 
the first correction does not give the Ejection at all, and 
Dr. Ghosh is wrong when he says this gives the Evection. 
It only corrects the Hindu Equation of the Centre which 
is defective by about (-76' sin /), and makes it nearly 
equal to the correct Equation of the centre. As for the 
(30'-30'sin/) sin/+5' sin 2/, this is worse than useless 
in certain quadrants as I have already mentioned. 
Bearing all this in mind we shall now discuss the author¬ 
ship of the work. 

Bhaskaracarya not the Author of the Bijopanaya 

The Bijopanaya itself mentions Bhaskara as its 
author. Sloka 6 says: “I was born in 1036 Saka. I 
discovered the two Bijas when I was 37 years of age.” 
The first part of the sloka giving the year of his birth is 
the same as is found in the Sid. Siromani, verbatim ; the 
second part leads us to infer that he discovered the Bijas 
the next year after he wrote his Sid. Siromani, for he says 
in the latter work that he composed it in his thirtysixth 
year (Sid. Sir., Gola, Prasnadhyaya. 58). In slokas 
2 and 3 of the Bijopanaya, the author says: “I wrote the 
Siddhanta Siromani following the ancient texts alone. 
But this is not sufficient to give the correct positions of 
the planets in order to find the auspicious moments for 
the different rites enjoined by the Sastras. So I am 
writing the Bijopanaya .” The idea of the first half of 
yerse 3 is a repetition from the Sid. Siromani, Gapita, 
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Spa§ta 1. From the above statements and the colophon 
one would think that Bhaskara is the author of the work. 
But it can be shown that Bhaskara cannot be the author, 
and consequently all the above statements are falsehoods 
and the author is an impostor. 

The following are the reasons why Bhaskara cannot 
be the author. (1) Without the first Bija (the second 
Bija may be left out of consideration here, because it 
vanishes under the circumstances we are discussing here, 
viz., the syzygies i.e, conjunctions and oppositions) the 
Moon calculated by Hindu astronomy (and, of course, 
by the Sid. Siromani also) will give the syzygies almost 
correctly. The application of the Bija will spoil this 
correctness, with the result that an error upto more 
than + 6 nddikas will be introduced into the times of the 
syzygies. This error at syzygies is proportionate to the 
Hindu Equation of the Centre, -302' sin /, and therefore 
has the periodicity of the Moon’s apogee. As a result 
of this error the middle of the eclipses, as calculated, 
will be later or earlier than what they actually are, by an 
amount of time equal to this error; and the beginning 
and end of the eclipses will also be affected accord¬ 
ingly. 1 Now, are we to think that Bhaskara gives this 
Bija only to introduce this enormous error into his 
otherwise correct calculation of eclipses ? And Bhaskara 
of all persons? It is by observations made at the times of 
eclipses that the ancient astronomers have discovered or 
corrected the mean periods of the Sun and the Moon and 
their Equation of the Centre, and got such accurate values. 
Even after a lapse of centuries now, the Hindu Mean 
Sun and Moon are fairly accurate. As for the Hindu 
Equation of the Centre, it is what the three major 
inequalities of modern astronomy reduce to, at syzygies. 
D being nearly equal to 0° or 180°, the Variation vanishes 
as already mentioned. For the same reason, the 

1. See the end. 
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Ejection , 4- 76' sin (/-2D) becomes + 7& sin /, and 
combined with the correct Equation of the Centre, ( 377' 
sin /) becomes (-301' sin /). This is the reason why the 
Hindus did not discover the Evection for a long time, i.e. 
until Munjala (Vatesvara earlier) discovered it, and after 
him Sripati. Thus the foisting of this Bija upon Bhaskara 
means that that prince among Hindu astronomers did 
not make even the usual observations made by Hindu 
astronomers, that he did not notice the error of upto 
6 nfidikas in the circumstances of eclipses, and that too 
introduced by himself, an error which any ordinary 
person, not to speak of astronomers, will be forced to 
observe, in India eclipses being occasions of important 
religious rites. So Bhaskara cannot have given this Bija , 
especially when Munjala and Sripati had shown him the 
correct form of the Bija which would lead to no such 
error as above. 1 2 * * * * * 

(2) There is discrepancy between the observation 
values given in slokas 20-25 and the Bijas given in Slokas 
26-32 of the work. We shall see whether Bhaskara 
would have allowed this to get into his work, if it is his. 
In 20-25 the author takes six configurations of the Sun 
and the Moon with respect to the Moon’s Apogee, and 
gives the difference between the observed longitude of 
the Moon and the longitude got by the Sastra without 
the Bijas. They are given below in a tabular form, 
together with certain other data that will be useful. 8 

1. I have since learnt that Sengupta had noticed this point. 
But he did not follow it up to the inevitable conclusion 
that Bhaskaracharya cannot be the author not being interested 
in this. 

2. In computing the actual difference that should have been 

observed, I have used the correct Equation of the Centre, 

the Evection, the Variation and the Parallactic Inequality. 

The Annual Equation and the Reduction to the Ecliptic cannot 

be used and therefore left out; also they cannot affect the 

result much. 
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Configurations of 
the Sun and the 
Moon with re¬ 
spect to the 
Moon’s Apogee, 
as given by the 
author 

Author’s observed 
values of difference 

The values ihat must 
be got according to 
the Bijas given 

The actual difference 
he should have seen if 
he hadreally observed 

Configurations 
of the Sun and 
the Moon with 
respect to the 
Moon’s Apogee 
according to 

Ghosh’s transla¬ 
tion of Padardha 
into 180° 

Author’s observed 
values of difference 

The difference that 
must be got accord¬ 
ing to the Bijas 

The difference that 
would be seen actually 

i. 

Moon 90° and 
Sun 135° from 
Apogee 

1 

-112' 

-112' 

-113' 

Moon 90° and 
Sun 270° from 
Apogee 

-112' 

-78' 

0 

ii. 

Moon 270° and 
Sun 225° from 
Apogee 

+ 112' 

+ 112' 

+ 113' 

Moon 270° and 
Sun 90° from 
Apogee 

+ 112' 

+78' 

0 

iii. 

Moon 0° or 180° 
and Sun 0° or 
180° from Apogee 

0 

0 

0 

Moon & Sun 0° 
or 180° from 
Apogee 

i 

0 

0 

0 

lv. 

Moon 90°or 270° 
and Sun 90° or 
270° from Apogee 

-34' 

= f =78' 1 

0 

Moon & Sun 90° 
or 270° from 
Apogee 

- 4' 

=f78' 

0 

V. 

Moon 0° and 
Sun 45° or 315° 
from Apogee 

34' 

=p34' a 

=f39’» 

Moon 0° and 
Sun 180° from 
Apogee 

±34' 

0 

0 

vi. 

Moon 180° and 
Sun 225° or 135° 
from Apogee 

34' 

±34“ 

± Hi' 8 

Moon 180° and 
Sun 0° from 
Apogee 

±34' 

0 

0 


1. -78' if Moon is at 90°, + 78' if at 270°. 

2. -34' if Sun is at 45°, + 34' if at 315°. 

3. -39' if Sun is at 315°, + 39' if at 45°. 

4. +34' if Sun is at 135°, -34' if at 225°. 

5. +113' if Sun is at 135°, -113' if at 225°, 
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To prove our point, we shall take configuration iv. 
Here the first correction is =f 78' according as the Moon 
is 90° forward or behind from the Apogee. The second 
correction is practically 0. So according to the Bljas 
given, the difference should be =f 78'. But -34' has been 
given as observed. Tf the author had observed first and 
based the Bljas on the observation, how could he 
construct the Bljas in such a way that they would disagree 
by 44' (if the Moon is 90° forward from Apogee ) or even 
112' (if the Moon is 90° behind the Apogee). This means 
that the author is an extremely ignorant person. Or if 
the author has taken the Bljas from elsewhere (which is 
very probable) and has ‘cooked’ the values for the 
different configurations, this means he cannot even ‘cook’ 
properly. One can never expect this of Bhaskara, that 
master among astronomers. And it is asserted that he 
wrote this work after writing the Siddhanta Siromani, his 
masterpiece! Configuration vi too shows the above. 

(3) I shall now justify the suggestion that the author 
had probably cooked the values at the configurations and 
had not made the observations, in spite of his assertion 
to have done so in sloka 25. In configuration iv above, 
he should have observed zero difference, but he says he 
has observed -34 difference. There is an error of observa¬ 
tion of 34'. In v and vi he gives an observed difference 
of 34'; he does not say whether it is plus or minus. Let 
us_ examine v. If the Sun is at 45°, the observed 
difference should be +39', which we may take as agreeing 
with the + 34' given. But in this case the Bljas give -34'. 
Thus there is discrepancy amounting to 73' between his 
Bljas and observation. If the Sun is at 315°, the observed 
difference should be -39' which we can take to have been 
observed by him as -34'. But in this case the Bljas 
give + 34' difference, and again there is the same amount 
of discrepancy between his observation value and Btjas. 
Thus we are driven to one of two alternatives: either the 


57 1 HjdxrLtmlcjaL 



BIJOPANAYA 


41 


author cannot see the disagreement between his observa¬ 
tion and his Bljas, or there is a discrepancy of 73' 
between his observed values and the actual values he 
should have observed, i.e., there is an error of 
observation of 73'. In vi, the observed difference is±34' 
while the actual difference should be ± 113', which 
means an error of observation of 79'. With such large 
errors of observation, very nearly equal to the maximum 
value of the major Blja and more than double the 
maximum value of the minor Blja, how at all could it be 
possible for the author to fix the Bljas 1 Again, with 
such a large capacity for error how did he get exactly 34' 
in three configurations, all equal, and 112' in two ? It is 
extremely unlikely that these observed values would be 
so closely correct, especially with such a large capacity 
for error. Then again, with such errors there is little 
likelihood of his discovering the constant of Variation, 
viz., 34' so nearly equal to the correct value 39', and the 
other constant, 78', so nearly equal to the correct 76' 
whether it be the constant of Evection or the defect in the 
Equation of the Centre. These things show that the 
author must have ‘cooked’ his observational values from 
Bljas taken from elsewhere, the ‘cooking’ being done 
wrongly in certain cases. Now can this person be 
Bhaskara ? 

Lest it should be thought that the interpretation of 
Padardha to mean 180°, as done by Ghosh, might save 
the author from all the above criticism, I have given in 
the same table the corresponding values of the 
configurations according to his interpretation. It will be 
seen that except in iii, no observation agrees with the 
Bljas ; that there is discrepancy between observation 
and the value that should have been observed, to the 
extent of 112' in i and ii, and 34' in iv, v and vi, and that 
the correct difference observed should have been 0 in all 
the configurations, because according to Ghosh’s 

6 
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interpretation all of them are syzygies, the Hindu values 
being correct at the syzygies, as I have already stated. 

(4) Another reason why the Bijas cannot be 
Bhaskara’s is that it is very unlikely he would have given 
them in the form of tabular values instead of in the form 
of an equation, as is generally done by astronomers, and 
that too without combining the first Bija with the Equation 
of the Centre as he could have done. He would only be 
following the usual practice if he had given in the Sid. 
Siromani : “The Moon's epicycle is 42° 54' at the end of 
even quadrants and 3° 8' less at the end of odd quadrants 
and then given 5' sin 21 separately as also 34' sin 2D. Or 
if he had wished to give the Equation of the Centre with 
the traditional value first and then the Bijas in a separate 
chapter, as done by Munjala and Sripati, he might have 
given the epicycle as 34° 44' -31° 36' in the Spastadhikara 
and in a later chapter given - (78' sin 1+5' sin 21) and 
-34' sin 2D, where D is True Sun minus True Moon. 
Even if he had discovered the Bijas later, he could have 
no difficulty in incorporating it in the Sid. Sir omani 
written by him only one year earlier. 

The author of the Bijopanaya seems to have 
anticipated this argument, for he says that Bhaskara 
wanted to keep the Bijas secret and therefore did not give 
them in his regular work; in sloka 58 he says: “This 
should not be given to one wjho has not served for one 
year.” But this answer is unconvincing in the light of 
the following: Throughout the Bijopanaya the author 
dins into the readers the importance of the Tithis 
corrected by the Bijas for ceremonial purposes. Then 
what is the point in making a secret of this knowledge, 
so as not to reach the hands of astronomers and almanac- 
makers (for, as already mentioned, no astronomer or 
commentator refers to .this work, excepting the author of 
the Tithinirnayakdrika with which this work seems to be 
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associated ; nobody seems to have “been in tutelage for 
one year” and qualified himself!) ; for it cannot be kept 
a secret and at the same time made serviceable. A 
medicine can be kept a secret and at the same time used 
by a family of physicians to cure a disease and make 
money. Even in predictive astrology knowledge can be 
kept secret and at the same time profitable. But 
knowledge of the type we are talking about must be public 
if it is serviceable ; for Tit his computed by using the Bijas 
would be different from those computed otherwise, and 
people would want authority before following them. As 
for astronomical predictions like eclipses, where 
agreement with observation is all-important, and not 
authority, I have already pointed out that the Bijas would 
only serve to spoil even the existing agreement. Further, 
astronomers usually refer to their science as a secret one, 
which means that it should not be given to the layman 
who has no respect or fitness for it; but secrecy of an 
astronomical work from astronomers themselves is 
unthinkable. Munjala or Sripati have not kept their Bija 
secret, and Bhaskara must have known it. Then what is 
the point in suppressing a part of the Equation of the 
Centre and making a secret of it, (the first Bija is only 
this), for anybody can do this. 

(5) It has also to be noted that the style of the work 
is not Bhaskara’s and the spirit, not that of the Sid. 
Sir omani. The Sid. Sir omani reflects Bhaskara’s great 
reverence for Brahmagupta, whose authority is quoted 
wherever necessary ; and it is also known that Bhaskara 
belongs to the school of Brahmagupta. But the 
Bijopanaya is surcharged with the spirit of the 
Suryasiddhanta to which frequent and exhaustive 
references are made as authority. For instance, at the 
very beginning of the work there is a long quotation from 
the Bijopanayadhydya of the Suryasiddhanta , a passage 
which Ranganatha, commentator on the Suryasiddhanta , 
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characterises as an interpolation. While the Sid. 
Siromani reads like a scientific work, the Bijopanaya reads 
like a dharmasastra. The matter of fact style of Bhaskara, 
stands in contrast with the racy style of a controversialist 
which characterises the Bijopanaya. See for instance the 
following passage from the Vdsanabhasya appended to 
the Bijopanaya and purporting to be by its author: 
=sf afsffitnuittar srsrunnq- 

i etc. 

Incidentally there seems to be a reference here to 
Ranganatha’s allegation mentioned above. This passage 
also seems to reflect the controversy that raged during the 
seventies and eighties of the last century in South India 
between Karungulam Krishna Josyar as the protagonist 
of the Vakya system of almanacs and Sundaresa Srautigal, 
Nungambakkam Raghunathacharya etc. as the sponsers 
of the Drk system. One important point of controversy 
was whether the centre of the celestial sphere is the same 
as the centre of the Earth or different, and for what 
celestial phenomena the centre of the Earth (or of the 
celestial sphere if it is different) is to be taken as the 
point of reference, and for what others the position of 
the observer was to be taken as that point. Sundaresvara 
Srautigal and others argued that the two points are one, 
while Krishna Josyar argued that they are different, and 
that planets are given in the Sdstras with reference to the 
centre of the celestial sphere. When the former (it may 
be noted that they were the people who first got the 
Bijopanaya printed at Madras) quoted the following 
passage from it, in support of their stand : 
wrw etc., no wonder 

Krishna Josyar accused them of forgery; he also ques¬ 
tioned the authority of the Tithinirnayakdrikd which 
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mentions the Bijopanaya; cf. “ 

trof^T: i” »rr?¥\pr faqfam i” 1 2 

To conclude, in the above discussion we have certain 
pieces of conclusive evidence which have been placed 
first.® Those that follow are valuable as cumulative 
evidence, the combined effect of which is to show beyond 
doubt that Bhaskaracarya of 1150A.D. cannot be the 
author of the Bijopanaya. This being so, the real author 
of the work remains to be identified by further 
investigation. 


1. Cf. Page 404. The solar eclipse of 23rd Nov. 1965 Tuesday : 
In the matter of calculating this these corrections will aggravate 
the error, as said. 

Also, the statement, “ If the Gapita of the country does not 
give the necessary dfksphuta there is nothing wrong in taking 
the almanac of another country ”, is tell-tale, and means the 
Nautical Almanac which these people were using to compute 
their drk almanacs. 

2. In the VasanSbhasya under Sloka 9, an astronomer named 
Malla Bhatta is mentioned. If it could be discovered that 
be is later than Bhaskara, this will be another piece of 
evidence to show that Bhaskara is not the author of the 
Bijopanaya. 
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A HISTORICAL DEVELOPMENT OF CERTAIN 
HINDU ASTRONOMICAL PROCESSES 

Reprinted from the Indian Journal of History of Science, 

Vol. 4, Nos t 1&2, 1969 


It is interesting to study!how in course of time Hindu astro¬ 
nomers developed more and more refined methods from cruder 
ones in the matter of (i) finding the true longitudes of the sun, 
the moon, and the star-planets, (ii) applying the equation of 
time, (iii) computing the eclipses, and (iv) fixing the Mahapntas. 

The earlier siddhantas that could help us in this have been lost, 
so far as we know at present. But Varahamihira (V.M.) has 
chosen what were typical of the ancient ones, and given them 
in a condensed form in his PaRca Siddhantika ( P.S. c. a.d 505), 
which we can use for our purpose. The extensive quotations 
of Bhattotpala from a Paulina Siddhanta and various other 
ancient samhitas, in his commentary on the Bjrhat Samhita are 
also helpful. We shall consider these one by one. 

I The True Longitudes 

In the Vedanga - jyautisa (c. 1180 B.C.), the earliest 
Hindu astronomical work extant, and the less so ancient 
Samhitas, and the Suryaprajnapti and Kdlalokaprakdsa, 
as also the Paitamaha Siddhanta condensed by V.M. in 
the P.S. only the mean sun and moon are given. The 
true naksatras, tithis, etc., required for religious rites and 
observances must have been obtained by the mean sun 
and moon as guides. 

The Vdsistha Siddhanta of the P.S. (not the ones 
extant and available as separate works) is the first 
siddhanta giving methods for the true sun, moon and 
star-planets. P.S. II, i. gives the true sun, and the 
substance of what it says is as follows : The year begins, 
i.e. the sun is at the first point of the sign Mesa, one and 
a half days before the epoch taken by the P.S., and it 
takes 31i, 31*, 31*. 31*. 31, 30*. 29f, 29*, 29*, 29*, 30 
and 30| days successively to traverse the twelve signs and 
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reach the first point of Mesa again. 1 Giving the true sun 
thus in an empirical form, is facilitated by the absence of 
the knowledge of motion of the apses, as it is very slow. 

In the case of the moon, this siddhanta recognizes 
the equation of the centre (eq. cent.) superimposed on 
the uniform mean motion of the moon, recognizing the 
true motion to be zigzag, and a ‘step-linear function’ of 
time ; i.e. the rate of motion is supposed to increase 
uniformly @ 10'l/7 per pada (— a ninth of a day), from 
a minimum at apogee of 702', to a maximum at perigee 
of 879' and then falling at the same rate to the minimum 
again at the next apogee. 2 Thus the time between one 
apogee and the next (called a gati ) divided into 248 padas 
(i.e. 27-5/9 days for an anomalistic revolution) forms the 
period of the zigzag. The mean longitude up to the last 
apogee is first given, by II, 2-4. We have now to add 
the true anomaly to get the true longitude. For that 
purpose the 248 padas are divided into two parts, the 
first 124 forming the first half gati being called plus padas , 
and the second set called minus padas. The true anomaly 
consists of two parts, the accumulated mean motion @ 
1°27'.843 per pada, and the accumulated defect or excess 
in the motion forming the eq. cent. These two parts 
have to be combined and given. But the siddhanta takes 
the 1° per pada separately and adds it to the mean 
longitude already found, for the sake of convenience. 
The remaining 27'.843 per pada is combined with the eq. 
cent., which here is a summation of the difference of the 
linear function of motion from the mean, and thus an 


1. Dr. Thibaut and M. M. Sudhakara Dvivedi (T. and S.) say 
that they do not understand the text, and the former even 
thinks it may deal with the moon. 

2. P.S. Ill, 4, gives this, but it is not recognized by T. and S. 
(Though Chap. Ill belongs to the Paulina, most of the matter 
relating to the moon in II and III is common to both PaulMa 
and Vasistha.) 
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algebraic function of the pada of the second degree, and 
therefore different from the correct eq. cent, of the form 
=f a sin m. The result of the summation is =f (665-5P) 
P/63 in minutes (the upper sign for the plus padas, and 
the lower for the minus padas). Combining this with the 
residual mean motion, 27'.843 P separately for the plus or 
minus padas , we get the two formulae given in II, 6, 
{1094+ 5(P-1)} x P/63, and {2414-5 (p-1)} x P/63, 
respectively. 3 When the padas are in the second set, the 
true motion for the first set of 124 padas , equal to 6 raiis 
and 4 minutes, is added. 

The Vasistha applies the eq. cent, of the above form 
in the computation of Jupiter and Saturn also (Chap. 
XVIII, 6-20). In the case of Venus this is dispensed 
with, being small. As a first step for every star-planet, 
the number of days after its mean heliacal rising is found. 
The days from the true heliacal rising is found by 
applying the days corresponding to the eq. cent, at the 
point of heliacal rising. The synodic period of Jupiter, 
Venus and Saturn is divided into sections, for each of 
which the degrees of motion is given, according as the 
motion is ‘quick’, ‘mean’, ‘slow’, ‘retrograde’, etc., 
depending on the equation of conjunction (eq. conj.). 
The days in heliacal setting, with the corresponding 
degrees, is also given. From this set, the degrees 
corresponding to the true number of days gone is taken 
and added to the degrees at heliacal rising, with the eq. 
cent, applied. Thus the geocentric true planet is got. 


3. This subject has been exhaustively treated by me in ‘The 
V&si;tha sun and moon etc.’, published in the Journal of 
Oriental Research, Madras, 1957 (Vol. XXV, parts I-IV), 
and also in my Commentary on the P. S. written for the 
Indian Institute of Astronomical and Sanskrit Research, New 
Delhi. T. and S. have failed to understand this, and also 
some other parts of this section. 
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In the case of Mars and Mercury with large eq. cent, 
varying with the planet’s situation in the twelve rdsis, 
since the planet may be in any of, or, all the 12 rasis 
during its synodic revolution, the above method cannot 
work. So the varying sectional motion for each of the 
rdsis is given (Chap. XVIII, 21-56). Thus we see that 
the eq. cent, and the eq. conj. are mixed in the case of 
these two planets; while in the case of Jupiter and Saturn 
they are separated, which is possible since their motion 
is comparatively small. 

It is said that as early as the third century b.c. the 
astronomers of Babylonia used the zigzag or step-linear 
function, and also gave the star-planets according to the 
sections of motions in the respective synodic periods, 
starting from their heliacal rising, and this was used in 
predictive astrology. Thus there seems to be a connection 
between the Vdsistha and Babylonian astronomy, and 
there might have been give and take. Which borrowed 
which portion from which has to be determined after 
learning more about these. Or we may consider both as 
one unit belonging to a part of greater India. 

At the end of Chap. XVIII of the P.S. the motion 
of the star-planets is again given in the last sixteen verses 
and attributed to the Paulisa. But there is a lot of 
evidence to prove that this portion is an interpolation. 1 


1. The evidence of interpolation is as follows : 

(i) It comes after V. M. has finished the work in the 
customary manner in XVIII, 62-63. 

(ii) It begins with a new salutation and introduction in 
64-65; 

(lii) After recommending his treatment of the star-planets 
according to the Saura and Vasi§tha, to people who 
have been vexed with the inaccuracies of other 
authors, V. M. is not likely to have given this 
approximate stuff with the praise 

‘ (66) ... CO ntd. 

7 


57 1 HjdxrLtmlcjaL 



50 


COLLECTED PAPERS 


In the case of every planet here the eq. cent, is neglected, 
so that the motion is simplified and given for sections of 
the synodic period, on the same model as the Vdsistha 
Venus. It is useless, being very rough on account of 
neglecting the eq. cent., and also of no historical value, 
coming as it does long after the age of the eccentric and 
epicyclic theories. 

The next step forward is seen in the Paulisa method 
for the true sun ( P.S ., III, 1-3). The instruction is as 
follows: Multiply the days from epoch by 120, subtract 33 
and divide by 43,831. The revolutions etc. of the ‘mean’ 
sun is got. The ‘mean’ sun plus 20° is called kendram 
(Anomaly). For successive 30° of kendram first subtract 
11, 48, 69, 70, 54, 25 minutes of arc, and then add 10, 48, 
70, 71, 54, 25 minutes, to get the true sun. 1 Here again 
we see the zigzag, the variation from the ‘mean’ being 
given for the degrees of kendram instead of the time 
passed, and the period of variation beginning at 20° 
before the commencement of the so-called ‘mean’ year 
and ending at the same point. Actually the ‘mean’ sun 
has practically the maximum eq. cent, of about 139' 
combined with it, and so the beginning of the ‘mean’ year 
is practically that of the true. The improvement consists 
in relating the amplitude of the zigzag with the degrees of 


(iv) In the case of Mercury and Venus, the author has 
interchanged Vakra and aticara, not knowing which 
occurs at the superior Conjunction, and which at the 
inferior. This blunder could not have been committed 
by V.M., who has given the same in the Saura and 
Vasistha correctly. 

1. T. and S. have misunderstood the verses here, and failed to 
understand that the maximum eq. cent, is combined with the 
‘mean’ he^e. By this they have not only shut out the required 
method of getting the anomaly, but also given a method which 
will give wrong values. For fuller details the reader is referred 
to the relevant part of my commentary on the P.S. written 
for the Institute mentioned above. 
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the so-called kendram paving the way for the appearance 
of the real kendram next, in the Romaka Siddhanta 
condensed in the P.S. 

As regards the moon, thfe Paulisa has taken over the 
method of the Vasistha in toto, and in III, 5-8 gives a 
correction to it, in order to yield its own values, 
conforming more to the sin m’ formula. But owing 
to the corruption of the text it is not possible to interpret 
the verses with any certainty. 

It is in the Romaka that we see for the first time the 
mean sun and moon and their respective eq. cent, 
recognized as separate entities, going to make up the true 
sun and moon. The eq. cent, is also recognized to 
depend on the angular distance called kendra (now in the 
true sense of the word) between the mean body and a 
point in its orbit (the ucca or apogee, but not named 
here.) Its increase or decrease is given for every 15° of 
kendra, with instructions when to add and when to 
subtract (P.S. VIII, 1-6). By adding the increments the 
sun’s maximum eq. cent, can be found to be 143' 23" and 
the moon’s 4° 55'. These values differ considerably and 
erratically from the values that will be got from the 
formulae, 143' 23" sin (0°, 15°, 30°, etc.) or 4° 55' sin 
(0°, 15°, 30°, etc.). Therefore, we have to conclude that 
the Romaka values were got empirically by observation, 
and not by using the trigonometrical form. But from 
better observations and better values, the next step would 
be the discovery of the trigonometric form, which would 
lead to the eccentric and epicyclic theories as an 
explanation of the observed result. 

How the early Hindu astronomers explained the 
zigzag motion, now slower, now faster than the mean, 
now direct and now retrograde, is contained in the Surya 
Siddhanta (Chap. II, 1-5). Deities stationing themselves 
at certain points in the orbit (later to be identified with 
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the apogee and superior conjunction) pull the bodies 
backwards and forwards with invisible air-reins, which 
motions combining with the uniform natural motions of 
the bodies result in the zigzag, it says. But this theory 
is at best only qualitative, though satisfactory to the 
minds of the ancients, which could connect anything 
extra-normal with invisible deities. 

As said before, the discovery of the trigonometrical 
form for the eq. cent, led to the theory of eccentrics and 
epicycles, as found in the Ardhardtrika paksa of Aryabhata 
(reflected in the Khanda Khddyaka of Brahmagupta, and 
mentioned in the Mahdbhdskariya , VII, 20 etc.), and in 
the Saura of the P.S. 1 According to the eccentric theory 
the planet (either mean or slghra) moves uniformly in a 
circle whose centre is away from the earth’s centre by a 
distance equal to the maximum equation of the centre (as 
measured on the arc of the circle) in the direction of the 
respective ucca. According to the epicyclic theory the 
mean planet moves in a circle round the earth as centre, 
while the true planet moves on an epicycle of radius 
equal to the sine of the maximum eq. cent, or eq. conj., 
as the case may be, moving round the mean planet as 
centre. If the maximum eq. cent, is 2e (— sine max. eq. 
cent, approximately), we can get from the theory the first 
term of the modern eqn. cent. 2e sin m (where m is the 


1. It is said that these theories originated amorg the Gieek 
astronome;s and Ptolemy II of Alexandria (c. a.d. 140) per¬ 
fected it in his Almagest. The Hindu astronomers adopted 
the theory, but used better methods like trigonometry in the 
computation and discovered better constants by analysis. 

I have since seen the Laghumanasa, and found that its R 
(i.e. f^m), is 8° 8' (or 8° ?) 

>Tcqt[rT fsfsTt: I 

^joit wraignt; II ^ n 

^rcrjqt^er i 

jfclJI xpfc qq Ijqgt II R l| 
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mean anomaly reckoned from the apogee), taking the 
distance between the true planet and the earth (called the 
true hypotenuse) as approximately equal to the radius of 
the circle, as many siddhdntas do. If the true hypotenuse 
also is taken into account, as logically following from the 
theory, which the school of Aryabhata does, we get the 
second term also in the form, —2 e a . sin 2 m, only slightly 
different from the modern —5/4 sin 2m (cf. the article, 
'Some peculiarities of the school of Aryabhata’ by the 
author). 

But these theories cannot completely take the place 
of the actual, for the moon or the planets really move on 
ellipses, with the parent body at one focus, and the 
motion is such that equal areas are swept by the radius 
vector in equal times. The necessary difference between 
the results of the defective theories and observation was 
sought to be removed in some works (like the 
Aryabhatlyam and the later Surya Siddhanta) by supposing 
the epicycles to vary; but this has not met with much 
success. Only in recent times, the adoption of modern 
methods of computation based on the correct theory 
could give results to any desired degree of accuracy. 

In the case of the moon, the disturbance caused by 
the sun’s pull on it is another cause of great deviation 
from the mean motion. This is analysed into various 
equations called the Second, Third, etc., inequalities, the 
eq. cent, itself being the First. Of these the Second 
inequality, now expressed in the form—76'.4 sin (m —2D), 
(where 2D is the mean elongation of the moon, and m is 
the mean anomaly reckoned from the perigee according 
to modern custom), was first discovered by Ptolemy II of 
Egypt (second century A.D.) and called by him the 
Evection. Of the Hindu astronomers, Munjala was the 
first to give this in his Laghumdnasa (A.D. 932) prakirna- 
dhydya, 1-2. It will be interesting to know how he got 
this. What he gives reduces to —65'.3 sin m -f 65'.3 sin 
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(m— 2D), (m here being reckoned from apogee according 
to ancient practice). Of these the first term approximately 
compensates the deficiency in the eq. cent, of Hindu 
astronomy (== about 300'maximum, while actually it is 
377'.3). The second term forms the Evection proper. 1 
Next to Munjala, Sripati (A.D. 999) gives it in his 
Siddhanta Sekhara, XI, 2-4. a 

1. Here evection and the corresponding correction to the daily 
motion is given. Taking the daily mean motion of the moon 
to be 13.2°, we have the rule for the evection: 

—(13.177—11 cos (a'—5) sin D x(8/ 5 )“. the result 

taken as minutes), 

«= — 72'X2 cos (a'—'?) sin D 
= — 72'x 2 cos (a,'— 3+a — a) sin D 
= —72'X2 cos ( m—D ) sin D 
= —72' sin m+72' sin (m—2D), 

where a' and a are the longitudes of the sun and the moon, 
3 is the moon’s ucca from which its anomaly m is reckoned, 
and D is a —a'. 

(The use of cos D will give the correction to the daily 
motion, when divided by 5). 

It is to be noted here that Yellayavya, commenting on the 
LaghumSnasa, says that Munjala got this from VafeSvara. 
If so, VateSvara (a.d. 904) must be the first. 

2. ft 

(1P0) I 

^ ( 5 ) *A 

n ^ ,| 

3ft* ftrcrifaf ft^#rrsfq%s?r i 

irirq53s^t wfsrm n 3 n 

usurer* i 

■uf? warier f% 
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...contd. 
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Then Nityananda, for the first time in India, in his 
Siddhantaraja (A.D. 1639) gives the Third inequality 
called the Variation ( = 39'.5 sin 2D), calling it by the 
significant name, Paksika (i.e. the one having the paksa 
as its period). 1 Some time before, at the end of the 
sixteenth century, Tycho Brahe had made this discovery 
in Europe. It is said that an Arabian astronomer by 
name Muhammad Abul Wefa discovered this inequality 
first at Baghdad in (A.D. 975). In a work called the 
Bijopanaya (alleged A.D. 1151) attributed to Bhaskara- 
carya (II) the Variation, as also what may appear to the 
unwary as the Evection, is given. But the work is by a 
recent imposter and not by Bhaskaracarya, which the 
author has shown in a study of the work. 2 


From (^) and ( 3 ) we have the evection as follows : 
sin {«'—(a— 3 nfil)} X 160' X sin D 
= — 160' cos (a'—a) sin P 
=> — 80’ X 2 cos (a' —a) sin D 


= — 80* sin m + 80' sin (m — 2D), as before. 

1. This information is taken from the Gapaka Tarangirii by M. M. 
Sudhakara Dvivedi. 

2. ef. Author’s article, ‘The Bijopanaya ; is it a work of Bhaskar- 
acfirya?’ published in the Journal of Oriental Institute, M.S. 
University of Baroda, Vol. 'III. no. 4, Jure 1959. The 
impostor author has taken great pains to make the work appear 
like Bhaskaracarya’s. But out of several, I give hereunder two 
main reasons why it cannot be by that astute astronomer, (i) The 
evection part does not serve to give the Evection, but it only 
spoils the already correct Hindu syzygies by a maximum of six 
nadikas, and phenomena like eclipses occurring at syzygies will 
expose this error even to a lay man, not to speak of 
astronomers, (ii) Observational values for certain configurations 
of the sun and the moon are given. These agree neither with 
the formulae given, nor with actualities, so that they show the 
author up as a ‘cook’, and an ignorant ‘cook' at that, and 
certainly not Bhaskaricarya. 
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Nityananda has also given the Reduction to the 
Ecliptic, which is 7' max. in the case of the moon. The 
earlier siddhantas neglected this as being small, though it 
must have been known at least to Bhaskaracarya who had 
understood the need of the Udayantara or Reduction to 
the Equator. The Kerala astronomers like Madhava were 
using this earlier than Nityananda. 1 Later, contact with 
modern Western astronomy led to the adoption of the 
fourth major inequality, the Annual Equation (= + 11' 
sin sun’s anomaly, having a maximum value of even 14' 
at syzygies), as also a host of lesser inequalities. 

It is interesting to consider the question why the 
early Hindu astronomers failed to detect even the major 
inequalities, excepting the eq. cent. The mean motions 
of the sun and the moon, as also their eq. cent., were 
obtained by them by the analysis of the times of eclipses, 
which occur only at syzygies, and so they are very 
accurate for the syzygies, a tribute to their powers of 
analysis. But since 2D is practically zero at these times, 
the variation becomes zero, and the Evection is reduced 
to the form +76'.4 sin m, which combined with the eq. 
cent. —376'.4 sin m, becomes —300' sin m, very nearly 
the same as the Hindu eq. cent. Similarly +11' sin (sun’s 
anomaly) merges in the sun’s eq. cent., having the same 
form with its sign reversed, since the sun is subtracted 
from the moon to get the times of syzygies, so that the 
sun’s eq. cent., about —119' sin sun’s anomaly (this was 
its value about A.D. 500), becomes about —133' sin 
anomaly, as given by the siddhantas. If instead of 
analysing the times of eclipses accurate observation of 

1. cf. Ra3i gola sphutanlti (verse 47) by the Kerala astronomer 
Acyuta : 

f^qqptwrr 5^ 1 
^qof, fSjqrjl 

u 
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the moon’s longitude had been used, at least the major 
inequalities could have been detected early, one after 
another, as the accuracy of observation improved. 

II The Equation of Time 

The Equation of time (eq. time) is the difference 
between the mean and true moons or mean and true 
midnights. This is required in Hindu astronomy to take 
the sun, moon or star - planet, computed by using the 
mean days, and therefore got for the end of the mean 
day, to the true day, which is the practical unit of time. 
(This is enough for systems that begin the day at midnight 
like the Ardharatrika of the Saura Siddhanta of the P.S. 
or the Surya Siddhanta school. But if the day begins at 
sunrise as in most siddhantas, the variation in daytime 
also will have to be corrected for. If the place is east 
or west of the prime meridian like Ujjain, a correction 
for this also will have to be made.) 

The eq. time consists of two parts: (a) the part 
caused by the true sun generating the true day being 
behind the mean sun or in advance, owing to the eq. 
cent., and called Bhujantara (= — 22 sin sun’s anomoly 
in vinadis ) ; (b) the part caused by the true sun moving 
along the ecliptic, so that its projection on the celestial 
equator is behind or forward of the mean sun assumed 
to move along the celestial equator that forms the nddi 
mandala and called Udayantara (i.e. reduction to the 
equator = —25 sin 2 0 in vinadis, o being the sdyana 
true sun). 

Even at the stage of the Romaka Siddhsnta of the 
P.S. the need for correcting the sun etc. for the eq. time 
was not recognized by Hindu astronomers. In the Saura 
of the P.S. the Bhujantara correction appears for the 

8 
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first time, followed by all later astronomers. 1 The 
Atyabhatlyam does not mention this, but Aryabhata’s 
followers have argued that this is intended in gitika 2 by 
the expression, ajdrkodaydcca lankdydm, as done by 
Govindaswamy under Mahabhaskarlyam, IV, 7. Its 
appearance in the Khandakhadyaka shows this probable. 
At any rate, Bhaskara I gives it in his work (IV, 7, 24, 
29-30). 

Vatesvara sees the need to refine the minutes of 
bhujdntara by projecting it on the celestial equator, by 
instructing that the minutes of the eq. cent, should be 
multiplied by the pranas of ascensional difference of the 
sign occupied by the sun and divided by 1800.® §rlpati 
gives the bhujdntara without this refinement since it will 
be taken care of by the Udayantara, which he gives for 
the first time in Hindu astronomy ( Siddhdntaiekhara II, 
46; XI, l). 3 After this Bhaskaracarya and others 
continue to give this. 


1. P.S. 1X 9 though given here for the sun and the moon, it must 
be taken as intended for the star - planets also in XVII, for a 
similar reason. Aryabhata’s ardharatrika paksa must have 
given this at least for the moon (as the correction may be as 
large as 5' in this case) as seen from the Khapda Khadyaka : 

(27) 

(I. «&) 

2 . 1 — 

(lfcOO) *nfa?TT: q;@ , ^y , 

3. ’eraf&Ggifauccf 

3r fejOTu (27) irmn III «i « 

...CODtd, 
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III The Computation of Eclipses 

Eclipses are mentioned even in the Vedas, the earliest 
works of the Hindus. Even in the early Fifth Mandala 
of the Rgveda, in the 40th sukta, the solar eclipse is 
mentioned as caused by Svarbhanu (otherwise called 
Rahu), and well understood by the Atri family of priests. 
In the Chandogya Upanhad the lunar eclipse is mentioned 
as caused by Rahu. 1 Therefore the Saros or something 
like it might have been known then. But computation 
as such could not have been possible before the stage of 
the Vasistha of the P.S., which is the first to give the true 
sun and moon forming the basis. 

P.S. Ch. VI gives the lunar eclipse according to the 
Vasistha. (It does not attempt the solar eclipse). The 
instruction is as follows: 

(a) Find the time of true opposition, and the true 
moon then, (b) Subtract 1°36' from Rahu (Head or Tail, 
whichever node is near the moon), and find the distance 
between this and the moon in degrees. If this is within 
13°, there is an eclipse. If within 15°, there is only a 
slight darkening. (Rahu is not given by this siddhdnta. 

Slirq uirniJjfaraT 

s*ite«2tcnfe<ftTT i 

3T5t: ^51^ % 

*TTcnnqT ^Tgsjt: y XI ? II 

(snr vru II = XI = 

In the introduction to the VateSvara Siddhanta, page 23, the 

editor has looked for the udayantara of the Siddhanta Sekhara 

in the wrong place, and naturally has not found it there. 
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So we are expected to use the Paulisa’s. Subtraction of 
1°36'may be an empirical correction.) (c) The minutes 
of arc of half-duration = V55 a -L a , where L is the latitude 
of the moon in minutes. (This latitude is Paulina’s.) 

(d) 60 X minutes got in (c) -r- D (i.e. difference of the 
true daily motions of sun and moon) = time of half 
duration in nadikas. Subtract this from and add to the 
time of opposition to get the first and last contacts. 
(A correction is given next for having used the paulisa L., 
whose significance is not understood by T and S.) 

(e) 21 sl25-d 2 — minutes of arc of half total phase, where 
d is moon~Rahu in degrees, (f) 60 X minutes got in 
(e)rD = time of half total phase, from which the 
beginning and the end of total phase is got. 

From (e), the critical latitude for total obscurity is 
21', from (c), the same for the eclipse is 55'. Therefore 
the angular semidiameters of shadow + moon = 55' and 
shadow—moon = 2T, from which we get the radius of 
shadow = 38' and radius of moon = 17', both considered 
constant. Add to the error caused by these, the 
roughness of taking the opposition as the middle of the 
eclipse, and not taking the variation of the latitude 
during the eclipse into consideration. 

In P.S. VII, 6, the paulisa gives the duration of the 
lunar eclipse directly in nadikas , equal to 3 V169-rf a /4. 
Since D is not used here, the computation is rougher 
still. It does not give the total phase. 

The instruction, common to both siddhantas, to find 
the points of first and last contacts, is as follows : Divide 
the moon’s half orb on the side opposite to the direction 
of its latitude into 13 strips of equal width, by lines 
parallel to its east-west (this with reference to the 
ecliptic) diameter. The eastern and western points of 
the (d plus 1) parallel line beginning with the diameter 
are the points of first and last contacts. These have to 
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be reduced to the observer’s east-west by the two valanas, 
aksa and dyana. The latter is omitted here. The former 
is given roughly by multiplying a quarter of the moon’s 
rim by the degrees of the hour-angle and the degrees of 
latitude of the observer, and dividing by 8100. Thus, 
instead of their sines, the degrees themselves are used for 
the proportion (VI, 7-8). 

The PaulUa is the first siddhanta to attempt the 
difficult solar eclipse ( P.S . VII). Here the parallax in 
longitude is transferred to the time of conjunction, as 
done by all Hindu siddhantas. The correction to the 
conjunction is taken roughly as 4 x sin h ( = Hour. angle) 
in nddis. The manner of giving the parallax in latitude 
(/) is peculiar, in that it is done as three corrections to 
Rdhu, so that the (moon ~ corrected-jRn/m) will give the 
parallax-corrected-] direct. (T. and S. have failed to 
understand the instruction: see commentary under VII, 
2-4). 

The first correction to Rdhu is : multiply the degrees 
of latitude of the place (^>) by 5 and divide by 27. Add 
to Rdhu if Head (i.e. ascending node), subtract if Tail 
(descending node). If we resolve the total parallax in 
latitude (= sin zenith distance of the nonagesimal) into 
three parts involving the latitude of the place, the 
declination of the moon or sun, and the hour-angle, this 
approximately does duty for— n cos “>• sin where n is 
the difference of the horizontal parallaxes of the sun and 
the moon (about 49' according to Hindu astronomy), and 
is the obliquity of the ecliptic (taken as 24° in do). 
Latitudes in India being low, sin <P is taken as 0 ^-57 
approximately. Since the PaulUa gives 55' of moon’s 
latitude (/ ) for 13° of moon ~ Rahu( d), the correction to 
Rdhu = - 49X-92Xl3°x 0 - (55 x 57) =» - 5°X <f> -r27. 
This being negative decreases north / and increases south. 
So this is to be added to the head and subtracted from 
the tail as given. 
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The second correction is: Add 3 rdiis to the sun. 
Take the declination (f) of this point in degrees. 
Multiply these degrees by the number of nadikas of 
correction to conjunction, and divide by 22. If the time 
of eclipse is Uttardyana and forenoon, add the resulting 
degrees to Rdhu, if Head. Subtract instead of adding if 
any one of Uttardyana ‘forenoon’ and ‘Head’ is changed, 
or if all three. 1 This rule does duty for— a sin cos <j>- 
sec 5. cos o. sin h, © being the sun, and <3 being the 
sun’s declination. This siddhdnta has taken cos ^ as 9 
approx, for North India, and cos <5 is taken as unity, sin 
h=nddis of correction ^ 4. Sin «• cos o = sin w - sin 
(© plus 3 rasis) = sin / = f, approx. Thus we get 
49X '9X13X/X nddisoi parallax got in (l)-r(55X57X4) 
=/X nadis of (1) -r 22. This has the same sign as—cos 
© .sin h. Since cos © is positive for Uttardyana and sin 
h for morning, the degrees resulting from the rule are 
additive to Head. It follows that change of any one or 
all three must make it subtractive while the change of any 
two must keep it additive. 

The third correction is: find the nadis elapsed from 
sunrise to corrected conjunction if forenoon, or the nadis 
to elapse till sunset if afternoon (i.e. find the unnata nadis 
of corrected conj.). Multiply this by the degrees of 
declination (6) of the moon, and divide by 80. If the 
moon’s longitude is within 6 rasis the resulting degrees 
are to be subtracted from the Head or added to the Tail. 
If more than 6 rdsis, add to Head and subtract from Tail. 
This serves for the one remaining correction,-!-cos «. 
cos tan < 3 - cos h. Here, cos <t> is roughly taken as unity, 
and tan <5 equal to <5 approx. As for cos h, this is very 
roughly taken as unnata nadis divided by 15. So the 
correction takes the form, 49X13 xO'92X <5 X unnata 
nddts -r- (55X57x 15)= & xunnata nadis-- 80. Since h is 

I. I have emended ‘fgftjmri:’ into * f|fg ’ 
which supplies also the one matra wanting. 
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roughly taken to be within ± 90°, and therefore cos h 
always positive, the sign of the correction depends only 
on the moon’s declination, which is positive for the 
moon in the first 6 raiis and negative otherwise. So the 
correction is subtractive and additive to the Head 
respectively, and vice versa to the Tail. These three 
corrections must have been obtained empirically. 

An empirical correction of— 1°36' is made on this 
corrected Rdhu, as done for lunar eclipse. The duration 
of the eclipse is given in nadis by 3V64 -d a f4. The 
corrected conjunction =f half this, gives the first and last 
contacts. The total phase is not attempted. As in the 
lunar eclipse, here too the variation in the moon’s 
latitude is not taken into account, as also the true D. 
From the formula we get, ^ = 8° as the limits, i.e. when 
the corrected latitude is 55'x8-r 13—33'8. From this, 
since the angular radius of the moon has already been 
found to be 17', that of the sun is 16'*8 according to the 
Paulisa, both constant. 

The Romaka Siddhdnta gives a very much improved 
method for the solar eclipse. (Its lunar eclipse is not 
given in the P.S.) It is the first to use the Tribhonalagnam 
(i.e. the nonagesimal) in the computation (exhibiting 
thereby knowledge of the trigonometrical problem 
involved), though the method given is rough. The 
conjunction corrected for parallax is to be found first, in 
the same way as in the Paulisa. For this time the lagna 
(i.e. Orient Ecliptic point) is to be found. This minus 
3 rasis is the nonagesimal. The sine of the zenith 
distance of the nonagesimal ( zdn ) has to be multiplied by 
the relative horizontal parallax n to get the parallax in 
latitude. But the Romaka takes the zdn as equal to the 
declination of the nonagesimal ± 0, the upper sign being 
used for south declination and the lower for north. 
(This is given as an approximate method by Brahma¬ 
gupta.) n is taken as roughly proportionate to the moon’s 
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true daily motion, as generally done in Hindu astronomy. 
Thus the parallax in latitude is given by the formula, 
tabular sine zdn (—120 sin zr/«)X moon’s true daily 
motion -r- 1800. (This will give 53' for mean n. Other 
siddhantas make this 49' by subtracting 4' for the sun’s 
parallax from the moon’s 53'. But as the sun’s is really 
0'T5, this 53' of the Romaka is far near the correct 57'). 

Since the moon is not on the ecliptic when its 
latitude is other than zero, a correction has to be made 
for this in the parallax in latitude. But this is too small 
(maximum half a minute) and neglected by some 
siddhantas. The Romaka and some others intend to give 
it, but by the following method which is wrong (and 
gives rise to an error of 4' and more): Treat the 
nonagesimal as the moon and find its latitude. Add this 
to the declination of the nonagesimal, and use this 
corrected declination to find the zdn above (P.S. VIII, II). 
Bhaskaracarya (II) sees the error in this and criticizes it 
in his Bhasya. 1 

The moon’s latitude is to be got by multiplying the 
tabular sine of moon ~ Rahu , by 21, and dividing by 9. 
(This will make the obliquity of the moon’s orbit 280', 
better than the 270' given by other siddhantas ). a 

The mean angular diameters of the sun and the moon 
are given as 30' and 34' respectively, and they are made 
true by multiplying by their true daily motions and 
dividing by the mean, as done by most siddhantas. It 
must be noted that the sun’s diameter here given is too 
small by 2' and the moon’s too large by 3'. The half 
duration is given in nddis by 60 X-Va 2 -/ 2 D, where a 

1. firsr ■ 

2. T. and S., by a misinterpretation, make it 4°. 
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is the sum of the semidiameters, l is the parallax corrected 
latitude at corrected conjunction, and D is, as already 
said, the difference of the true daily motions. This is 
subtracted from or added to the corrected conjunction 
(as in the PaulUa ) to find the first and last contacts. This 
is defective in so far as the / of the first and last contacts 
are not found by successive approximation, as done by 
the later siddhantas, and used to find the respective time. 
The total phase is not given by this siddhanta. 

The method for the solar eclipse given by the early 
Saura Siddhanta condensed by Y.M. in the P.S. (Chap. 
IX) is more refined and typical of the later siddhantas^ 
and uses far better constants. Like the Romaka the 
Saura also uses the true motions of the moon and the sun 
to get their respective true parallaxes and angular diam¬ 
eters. But in the case of the moon the true motion at 
the time of the eclipse is used (which is proper) instead 
of the true daily motion (IX, 14). Also these are not got 
directly from their mean values as in the Romaka , but 
from their orbits and diameters in yojanas as in the 
regular siddhantas, though these are not the actual 
numbers of yojanas but those reduced by a factor 270 in 
the case of the orbits, and other appropriate factors in 
the case of the diameters and parallaxes. By examination 
we can find that the mean diameters of the sun and the 
moon are 32'. 1 and 32'.2 respectively, and their mean 
horizontal parallaxes 3'.8 and 51'.4 (IX. 15, 16, 22). 1 

To find the sine of the zdn also a better method than 
the Romaka’s is used: The sine of the zenith distance of 
the meridian ecliptic point is first found. Using the 
amplitude of the orient ecliptic point, which is equal to 
the azimuth of the nonagesimal, the sine of the angular 


I. T. and S., have made several mistakes here, which have been 
discussed by me in my commentary written for the above- 
mentioned institute. 
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distance between the meridian ecliptic point and the 
nonagesimal is found next. With these two sines treated 
as hypotenuse and one side, the sine of the zdn forming 
the other side of the right-angled plane triangle is found, 
approximately, instead of getting it by solving the 
spherical triangle. After this the parallaxes in latitude 
and longitude are got by accurate steps. 

The parallax corrected conjunction is got from the 
parallax corrected longitudes, and made accurate by 
successive approximation. From the parallax corrected 
latitude of this time, the approximate half duration and 
first and last contacts are found. Using the parallax 
corrected latitude of the first or last contact a more 
accurate time of the respective contact is got, and thus 
by successive approximation the correct times are got. 
In this too the Saura is an improvement on the Romaka. 
It also gives the total phase, together with that of the 
lunar eclipse, in X, 7. 

For the shadow also in computing the lunar eclipse, 
the reduced orbits and diameters are used and the result 
given in a more reduced form. If we reduce it still more 
and express the angular diameter in radians, we get 36 -*• 
moon’s orbit —572 + (5 x sun’s orbit), the first term 
representing double the moon’s horizontal parallax of the 
modern formula, and the second representing double the 
difference between the sun’s angular radius and horizontal 
parallax. The mean diameter of the shadow can be 
found to be 78'.4. As already said the total phase also 
is computed. Successive approximation is used. The 
method to find the fraction of the moon eclipsed at any 
given moment is given, as in later works. 

A separate chapter (XI) is devoted by the Saura to 
the graphical representation of eclipses. In order to 
make the figure appear as big as the real, a scale of one 
angula or digit for 2' is instructed to be used near the 
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horizon, and for 3' at the zenith, and proportionately in 
intermediate positions (XI, 6). But the difference in size 
according to its position in the sky is an optical illusion 
depending on the atmospheric conditions, and various 
scales are given by various siddhantas , the Saura being 
the first to give it. 1 

In order to mark the points of first and last contacts 
at the exact positions as seen by the observer, the lay of 
the segment of the ecliptic where the moon is situated 
has to be fixed with references to the east-west of the 
observer. Two corrections, one due to the latitude of 
the place called aksavalana and the other due to the 
moon’s ayana called dyanavalana, have to be applied to 
the east - west points. (We saw the aksavalana given by 
the Vasistha itself, but very roughly using degrees instead 
of their sines.) But the versine of the hour - angle is 
used instead of its sine, a mistake of some ancient 
astronomers, pointed out by Bhaslcaracarya (II). While 
the Vasistha dispenses with the dyanavalana, the Saura 
gives it fairly correctly as sin- 1 (cos moon’s longitude 
X sin «), instead of tan -1 (cos moon’s longitude x tan a>) 
(XI, 2-3). It is noteworthy that the Saura does not use 
the versine here, a mistaken practice of the ancients 
condemned by Bhaskaracarya (JI). a (The Romaka is 
silent about the directions). 

1. e.g., i. %*TT nanwT 5$^ I (sgWTTftf 5 ? V E3) 

with ParameSvara’s interpretation of the second part as 

‘ fsjfasnssevr i 
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g i (#. fit. IV 26.) 
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The Aryabhatiyam, and the Mahdbhdskariyam 
following it, give the same method as the Saura for 
parallaxes, angular diameters and valana. But they find 
the first separately for the sun and the moon, using in the 
moon’s case its own orbit instead of the ecliptic, to find 
the parallaxes. We have already mentioned that this 
trouble is not worth taking in view of other errors. The 
mean angular diameters and the horizontal parallaxes of 
the sun and moon according to these are 33', 31' 1 5, 3'9 
and 52'*5. 1 It is remarkable that the Mahdbhdskariyam 
uses parallax in the lunar eclipse, of course without 
purpose (Chap. V, 68-70). The mean angular diameter 
of the shadow can be found to be 79''8. The later Surya 
Siddhanta, representing a school to which the Soma, 
Brahma and Vjddha Vdsistha Siddhantas belong, also uses 
the same method as the Saura of the P.S. with one 
difference. It gets the nddis of parallax in conjunction 
direct by a formula that reduces to 4xcos zdn X sin (sun 
~ nonagesimal). We have seen that the Paulina and the 
Romaka also give it in nddis with the same maximum of 
4 nddis. The parallax in latitude is given by sin zdn X 
difference of mean daily motions 15 (V, 7-8). We see 
that here the mean horizontal parallax is taken to be the 
mean daily motion divided by 15, which gives 3'*9 for the 
sun and 52 ,- 7 for the moon. Using the true daily motions 

(t%. ftltT. 16-17) 

faster i 

( fa. afcl. 23. Also see 38-39). 

In the Aryabhatiyam 45 Dr. Kern’s edition) 

seems to be a corrected reading for because Bhas* 

kara gives only ' ’ in the Mahabhaskariyam, and 

Parame£vaia*s commentary there also gives the same. 

li cf. i. 39-40, li. V 1-7, iii. 

V 12-23. 
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as done by the Romaka and the Saura or using the true 
hypotenuse like the school of Aryabhata would have 
made the parallax true, which is desirable. But in the 
case of the nadis of parallax in conjunction the constant 
4 is justified, since the multiplication by the true motions 
to get the true parallaxes is cancelled out by the division 
by the true motions to get the nadis. The mean diameters 
of the sun and the moon according to this school are 
32 /, 4 and 32'0 and the shadow 82 /- 6. This school uses 
the correct formula for the two valanas (Chap. IV, 24-25). 

Bhaskaracarya, following Brahma Gupta, gives the 
same formula for the parallax 1 as the Surya Siddhanta , 
except that he gets sin zdn and cos zdn direct. So the 
remarks about the Surya Siddhanta hold in his case also. 
The mean diameters according to him are 32'5, 32 ,, 0 and 
80'*8. About the correct formulae for valana used by 
him, we have already written, as also about his criticism 
of Brahamagupta (and certain others) who have given 
wrong correction in parallax for the moon’s latitude. 

IV. The Mahapatas and Yogas 

The mahapatas are Vyatipdta and vaidhrti, from 
which the 27 yogas , Viskambha etc. were later derived. 
Vyatipdta is the situation when the sun and the moon 
having different ayanas have the same north declination 
or south. Vaidhrti is the situation when they have the 
same ayana and equal and opposite declinations. The 27 
yogas are computed like the naksatra, using the sum of 
the longitudes of the sun and the moon for the purpose. 
The seventeenth in this series called Sdrpa Mastaka (and 
also Vyatipdta) together with the two mahapatas are said 
to be extremely inauspicious for auspicious rites like 
marriage, but very efficacious for ddna, homa , japa t tapas 

1. ufaKT. s-14. This includes several 

alternative approximate methods. 
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and offering to the manes. The seventeenth yoga 
Vyatipata, and the twenty - seventh also called Vaidhrti, 
are included among the 96 irdddha days. 

Neither in the Vedas, nor in the Veddnga Jyautisa, 
are these mentioned. 1 2 The Vyatipata (Mahdpdta ) first 
occurs in the Paitdmaha Siddhanta , as seen from its 
condensation in the P.S. (Chap. XII). The rule is to 
multiply the days from the beginning of any five-year 
yuga by 12 and divide by 305 and the mid -vyatipata falls 
when there is no remainder. This is equal to saying that 
when the sum of the longitudes of the sun and the moon 
reckoned from the Winter Solstice is equal to 12 ratis it 
is Vyatipata, which is the same as saying, if the sum is 
equal to 6 rdsis reckoned from the Spring Equinox, as 
defined in later times, it is Vyatipata. It must be noted 
that this can give only the approximate time, the exact 
time being got in earlier times from observation, and in 
later times (beginning with the PaulUa Siddhanta) by 
computing the declinations {cf. P.S., Chap. III. 22).* 

The Vyatipata and Vaidhrti forming the seventeenth 
and twenty-seventh of the yogas, first appear in the 
PaulUa {P.S. Ill 20). The Vyatipata here can be shown 
to be a relic of the one of the Paitdmaha Siddhanta. This 
Siddhanta placed the winter solstice at Sravistha, from 
where longitudes were reckoned by it (as by the V.J.). 
The sum of the longitudes thus reckoned, when equal to 
12 rasis, would give the Vyatipata, satisfying (though 
approximately) the condition of equal declination. But 
in course of time Winter Solstice would be occurring 
earlier and earlier than Sravistha, so that the criterion of 

1. In his edition of the Vedanga Jyauti§a, Shyama Shastri, Curator, 
Mysore Government Oriental Manuscripts Library, fancies seeing 
the Vyatipata in verse 19. 

2. HrqflcmnnTrat trci,sl?TK5T atfl i 
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equal declination would not be satisfied, and still people 
would be observing Vyatipata at the time calculated from 
the sum of longitudes, much as we are now observing the 
ayanas at Makara beginning and Karkataka beginning 
though these have precessed more than 20 degrees. At 
the period when the Spring Equinox was observed to be 
near Aivim , the astronomers shifted the first point from 
Sravisthd to Asvim, as done in the Paulina by V. M. If 
longitudes are reckoned from Aivinl, which is 5 naksatra 
segments in advance of Sravisthd, the traditional 
vyatipata would happen when the sum is 12 rd&is minus 
10 naksatra segments (i.e. 17 segments on the whole) and 
it is this that is given by ( P.S. Ill, 20). Thus was 
formed this seventeenth yoga , called also Sdrpamastaka. 
Its sanctity, guaranteed by tradition, would still be there. 
At least from the time when the new position of the W.S. 
could be observed, the Mahapdta Vyatipata also should 
have been computed and used as satisfying the condition 
par excellence of equal declination. But reckoning 
longitudes from the Spring Equinox, which is 3 rdiis 
forward from W.S., the sum should be 6 rasis to satisfy 
the condition, as we have already said, instead of the 
12 rasis reckoned from W.S. Meanwhile the other 
Mahapdta (Vaidhrti ) arose, whose characteristic (already 
defined) would be approximately given by the sum 
reckoned from the Spring Equinox being equal to 
12 rdsis. Viewed as formed by the sum of longitudes 
alone, without the reckoning from the Spring Equinox, 
this became the twenty-seventh yoga vaidhrti. It is 
noteworthy that V.M. does not give the Mahapdta , 
Vaidhrti. He also does not mention any of the other 
25 yogas (not even in his Brhatsamhita), which means 
that the series of 27 yogas had not been formed in his 
time. 

The Saura of the P.S. also does not give the series, 
from which we can surmise its absence from the 


57 1 HjdxrLtmlcjaL 



72 


COLLECTED PAPERS 


drdhardtrika system also. Its figuring in the 
Khandakhadyaka (which follows the drdhardtrika) is 
likely to be an interpolation, since the verse giving it is 
the same as in the Brdhmasphuta Siddhanta (Spasia 63), 
where it is considered by critics to be an interpolation, 
since it is not commented upon by PythOdakasvami and 
does not figure in the question and answer (Chap. XIV- 
6, 31). 1 The Aryabhatlyam gives the two Mahdpatas, 
Vyatipdta and Vaidhrti, under the one name Vyatipdta .* 
Bhaskara I mentions these two separately, and also the 
seventeenth yoga, Vyatipdta , calling it Sdrpamastaka .* 
(It is these three that are classified sometimes under the 
one name Vyatipdta and considered very inauspicious 
etc.) 4 Aryabhata’s direct pupil, Prabhakara (sixth 
century A.D.), has mentioned seven inauspicious yogas 
(six of which can be identified in the series of 27 yogas) 
as seen from a quotation by Sankaranarayana in his 
commentary on the Laghubhaskariyam , under II, 29. 
It can also be inferred from the quotation that he does 
not know the other yogas, and the practice of giving the 
yogas Viskambha etc. as an item of the Pancdnga had 

1. wnsfiwriftrar: q*® qPn: i 

2. n qsre. 3.1 

Here ‘ ’ is interpreted to mean ‘ dfipsrr^ ’ 

to mean oqfgqra. The Voted vara Siddhanta Madhyamldhikara 
II 5, gives the same: 

3. Iqa: 1 

^ 'q, n 

4. sqdtqrarspi am 1 

a^Stg qSrJra; 1 (g, f%. XI 22) 

sncq% gutrefrm 1 ( „ „ 18 ) 


57 1 HjdxrLtmlcjaL 



HINDU ASTRONOMICAL PROCESSES 


73 


not yet come into vogue. 1 But in the Siddh&ntas later 
than Brahmagupta (seventh century), like those of 
the Surya Siddhanta school, Vateivara Siddhanta etc., 
the series of 27 yogas is seen to be systematically 
computed. 

As for the two Mahdpdtas , the early works even up 
to the time of Bhaskara I give only the rules for their 
approximate time of occurrence as mentioned already, 
leaving the computation of the exact time and duration 
to astronomers, from the criterion of equality of declina¬ 
tions.® The Brdhmasphuta Siddhanta is the first, as it 
itself claims, 3 to deal with them in detail (Chap. 
XIV, 33-34). First comes the test for possibility 4 and 

1- ( ? ng = -1 4) =^551 12 qgfif. I 

3RZ|gq7 17 q=J Ejcqt 18 qs?=f<FTT 10 tJcR^T | 

fadq qo# ^JT (no£) ^ I 

The instruction to get these individually (jq^ jq^) shows that 
the series of 27 Yogas was not computed in Prabhakara’s time. 

2. airtnihmi«4 ?T3foqT. 3. 

qqj ^hYuqfa 

^t«TT 51^4% I 3^ — 

3s^qq?q qqnd i ?fh i 

gcqmqjiff qqT qqgr: q<?T sqcflqnj: i 
q^q, fa£qqfeqt rfeqt qr am*! | ” 

3. sqqtqraNfqMqn^qq^ q srsnq. i (XIV. 148) 

4. This is faulty in certain extreme cases as pointed out by BhSs- 

kar2c3rya in his VUsana Bhasya, under /fa. fa. qfaq qtqrifa. 
11-12). Here, the of Lalla, who prides himself on the 

excellence of his treatment of the mahapatas, as also faqjf- 
vqthjTT, and another work fa^Fq^swfa by one qyqq, are 
also shown to be faulty. 

10 
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next is found out whether the mid-event has gone or is to 
come. Then taking a point of time arbitrarily before or 
after, the increase or decrease in the difference between 
the declinations during the interval is found. Using 
this, the time when the difference is zero, and the 
duration for a change of difference equal to the sum of 
the angular semidiameters, are found. The time of zero 
difference gives the mid-event, which minus or plus the 
half duration gives the beginning and end. The (later) 
Surya Siddhanta devotes chap. XI to this topic. This 
school finds the zero - difference - point by successive 
approximation, using the longitudes corresponding to the 
declinations. It gives the half duration in nddikas by 
multiplying the sum of the semidiameters into 60 and 
dividing by the difference of the daily motions, which is 
very rough indeed. Lalla, who immediately followed 
Brahmagupta, attacked the problem with zest in his 
Sisyadhivrddhida, as also Sripati and others, with q|ore or 
' less correctness (c/. note 4. P. 73). Bhaskaracarya in a 
special section devoted to this subject ( Sid - Siro - Ganita, 
Patadhikara) gives the most systematic and correct 
treatment. Using the obliquities of the ecliptic and the 
moon’s orbit, and the sdyana longitude of Rdhu, the 
obliquity of the moon’s orbit to the celestial equator, 
with the distance of Rdhu from the point of intersection, 
is got. This is fairly fixed, since Rdhu moves very slowly 
(about 3' per day). The correct declination of the moon 
and its variation is now as easy to compute as those of 
the sun. Thus the times of zero difference and difference 
equal to the sum of the semidiameters are got easily. 
The possibility or impossibility can be visualized clearly 
and correctly when the matter is thus simplified. It must 
be said in conclusion that the Mahapdtas, made so much 
of by the astronomers, are not even heard of nowadays 
in connection with religious rites or fixing auspicious 
moments. 
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This article is intended to help historians of Hindu 
astronomy, but is not exhaustive. Fear of making it too 
long has prevented considering the development of other 
concepts like the heliacal setting and rising of planets, 
etc. The nonavailability of most Hindu astronomical 
works in the libraries in Madras has limited the matter 
of even the topics chosen. I expect others to follow 
up and supply the need. 


^7/lt/a/CTHAC.ai 57 lUJUth-A. 



THE SYSTEM OF THE VATE§VARA SIDDHANTA 

Reprinted from the Indian Journal of History of Science, 

Vol. 4, Nos. 1 & 2, 1969 

The Vatedvara Siddhanta (a.d. 904) is one of the most famous 
of Hindu Astronomical works, and cited frequently by writers 
on Dharmaiastra. Albiruni mentions the author with another 
work of his. But later on the study of the work became so 
rare that only recently it appeared in print from an only 
manuscript in the Lahore University Library. The new 
commentary with which it is printed has masked its peculiarities 
as a work belonging to the school of Aryabhata, as also many 
of the fundamental constants like the different numbers of 
cycles, etc., and given wrong ideas and numbers instead. This 
has led to further mistakes in interpretation. Hence, a good 
deal of research has to be done to salvage these and make them 
available to scholars for further study. 

The findings are as follows: The yuga (i.e. mahayuga) is 
divided into four equal quarters. 72 yugas make a manrantara; 
fourteen manvantaras, without any sandhi (1008 yugas), form 
the kalpa or half-day of Brahma; 720 kalpas form his year, 
and his life-span is 100 such years. At present, 81 years and 
15 days of Brahma’s lifetime has gone. On the next day, 6 
manvantaras and 27£ yugas have gone, up to the beginning of 
this Kali. The constants denoting the number of civil days, 
revolutions of the Sun, Moon, Jupiter, Saturn, Mercury, Venus 
as well as of Moon’s apogee, nodes, etc., are presented 
according to the VafeSvara Siddhanta and d : scussed in relation 
to wrong numbers given by the commentary. Several other 
wrong interpretations presented by the commentary are also 
dealt with and the correct interpretations given. It is pointed 
out that in the Spagfddhikara of the commentary also there 
are a number of mistakes to be rectified. 

The Vateivara Siddhanta is one of the most famous 
of Hindu Astronomical works, and cited by writers on 
Dharma&dstra like Kamalakara Bhatta. The author is 
VateSvara, son of Mahadatta, of Anandapura, and the 
work was composed in Saka 826 (A.D, 904), when the 
author was 24 years old (Madhyamadhikara 1,21). With 
his other work Karam Sara , he is mentioned by Albiruni. 
But now manuscripts of the work have become rare, so 
much so that the late M. M. Sudhakara Dvivedi regrets. 
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in his history of Hindu Astronomy, that he is not able to 
procure a transcript. The Indian Institute of Astrono¬ 
mical and Sanskrit Research, Delhi, got the work printed 
and published for the first time in 1962, from a manuscript 
in the Lahore University Library, adding a new commen¬ 
tary in Sanskrit with a Hindi translation of the same. 
Now, this commentary has masked the system of this 
siddhanta by superimposing on it its own ideas and 
constants, unwarranted by the text, so as not to be 
available to readers without doing research. This has 
led to further mistakes in interpretation. Hence, this 
attempt of mine here. For the present I shall confine 
myself to the Madhyamadhikara mainly. 

I give the system first, for the sake of scholars who 
may not be interested in the research. In the Mahdyuga 
(usually called yuga), there are 43,20,000 solar years. 
The yuga is divided into four equal quarters, Kfta, Treta, 
Dvdpara and Kali, of 10,80,000 years each, a peculiarity 
which it shares with the Aryabhatiyam. Seventy-two 
yugas make a manvantara, and 14 manvantaras or 1,008 
yugas make a kalpa, which ideas also are peculiar to this 
system and shared by the Aryabhatiyam. 1 

1. (i) Vatef vara Siddhanta Madhyamadhikara (Cbap. I): 

(432) si?r?nT ^ruptrurT- 
espseutt (72) ng\5F im: I 

| 10 | 

N. 

(ii) Aryabhatiya Gitikapada: 

sprsftapgt sr (14) ngginre (72) 

^ (B) (^7)^i 

( 3 ) ^ 

I 3 i 

(iii) Aryabhatiya Kalakriyapada : 

apsetar arsfr 18 i 
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(Other siddh&ntas assert that the duration of Kjta^ 
Treta , Dvapara and Kali are in the ratio, 4 : 3 :2 :1, that 
71 yugas make a manvanlara and that 14 manvantaras with 
15 sandhis make up the kalpa consisting of 1,003 yugas.) 

To continue, two kalpas make a day of Brahma, 360 
such days form his year, and his life - span is 100 such 
years. Now, the commentary has missed every one of 
the peculiarities of the system mentioned above, though, 
strangely enough, the introduction seems to accept some 
of them, at the same time stating that there are 10,000 
yugas in a kalpa. . 

As for the constants, according to this siddhanta 
there are 157,79,17,560 civil days in the yuga as derived 
from the statement that there are 158,22,37,560 sidereal 
days in it. The revolutions of the sun are 43,20,000 and 
of the moon 5,77,53,336. The revolutions (mean) of 
Mars are 22,96,828, of Jupiter 3,64,220, of Saturn 1,46, 
568, and those (Sighra) of Mercury are 1,79,37,056 and 
of Venus 70,22,376, and those of the moon’s apogee 
(ucca), 4,88,203, and of its nodes (pata) 2,32,238. The 
revolutions of the Seven Sages are 1,692 in the yuga. 

In the life - span of Brahma the revolutions of the 
apogee of the sun are 1,65 ,801, of Mars 81,165, of 
Mercury 4,77,291, of Jupiter 13,945, of Venus 1,52,842 
and of Saturn 72,974, and those of the nodes of Mars 
20,684, of Mercury 955271456418719, of Jupiter 39,202, 
of Venus 19,61,27,48,06,36,535 and of Saturn 1,542. The 
great circle on the celestial sphere is in yojanas , 
12474720576000 ( Madh. VII, 3). Of these constants, the 
commentary gives wrong numbers for the italicized 
digits, and obliterates the revolution of the Sages. 

This siddhanta says that time with its indicators, the 
tun, moon and star-planets were created together with 
Brahma and coexistent with him, the moment of their 
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creation being mean sunrise at Lanka, and the day 
Saturday. 8 (The other siddhantas say the sun, moon, etc., 
are created anew in every day of Brahma, getting into 
dissolution at night - fall; while the Aryabhatiyam is 
silent on this point.) At the beginning of the present 
kalpa eight and a half years together with fifteen days have 
elapsed since Brahma’s creation. The period of 15 days 
has to be established by reasoning, since the words giving 
it in I. 10, have been spoiled by the scribes. (Aryabhata 
leaves out the 15 days, which may be a variation or an 
approximate statement. According to the other 
siddhantas 50 years of Brahma’s life have passed). Six 
manvantaras and 27 yugas in the seventh have gone in 
the current kalpa, and three quarters (not nine - tenths) 
of the twenty - eighth yuga, up to the beginning of the 
present Kaliyuga, which falls on a Friday according to 
all. To link this with the present time it may be stated 
in passing, that this, as also all other siddhantas (except 
the Surya Siddhanta school, not mentioning any era), say 
that the $aka era began 3,179 years after Kali set in. 
(The Aryabhatiyam gives the Kali year direct). 

Now for the ksepas for the beginning of Kali. All 
but two of the yuga revolutions being divisible by four, 
the ksepa is naturally zero for them. Of the two excep¬ 
tions, for the moon's node it is six raSis and for its 

2. Vateivara Siddhanta MadhyamadhikSra: 

55glf JTFSigg?: Sfg-; 

TjRfcft i n-9 i 

(ii) I 16 II 

(iii) 

ffogreqnri i X-8 | 
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apogee it is three rasis, as mentioned in IV, 55. But the 
commentary here makes the absurd statement that these 
ksepas are for the beginning of the kalpa. The ksepas of 
the longer period revolutions can be found by multiplying 
the number of revolutions by 24798639, viz. the quarter 
yugas since creation, and dividing the product by the 


quarter yugas in Brahma’s 
X1008 x 4. They are : 

life - 

span. 

viz. ; 

100X360X2 

Sun 

apogee 

2 r 

18° 

51' 

37" 

Mars 

, . 

4 

8° 

50' 

50" 

Mercury 

. . 

7 

16° 

42' 

54" 

Jupiter 

. . 

5 

22° 

48' 

31" 

Venus 

, , 

2 

20° 

3' 

26" 

Saturn 

. . 

7 

26° 

55' 

4" 

Mars 

node 

10 

20“ 

10' 

12" 

Mercury 

• • 

11 

10° 

19' 

54" 

Jupiter 

• . 

9 

0° 

54' 

2*» 

Venus 

, . 

5 

24° 

1' 

56*" 

Saturn 

, , 

8 

20° 

V 

0*" 


The number of civil days from creation to the 
beginning of Kali is 9782551985550210. (Here too the 
commentary gives wrong numbers for the italicized 
digits, or even omits or adds digits. The verse giving 
the ksepas of the nodes of Jupiter and Venus is missing 
in the text.) 

Now, proceeding from what is undisputed , I shall 
build up the whole structure given by me as the correct 
one. Let me begin with showing that the number of civil 
days in the yuga is 1577917560, and not what it will be 
according to the commentary, four days more. Using 
III 26, the civil days in a yuga = 4320000 x 13149313 
36000 = 1577917560, as I have given above. Again, 
using III 23-25, the solar months in the yuga - 4320000 
X!2. The adhimasas= 66389 X4320000X12 ~ 2160000= 
1593336. The synodic months=solar months +adhimdsas 


57 1 HjdxrLtmlcjaL 



THE SYSTEM OF THE VATESVARA SIDDHANTA 81 

= 53433336. The tithis = synodic months X 30 = 
1603000080. The avamds = tithis X 209021 (total tithis 
ih the yuga120) — 25082520. Therefore the civil days 
**= tithis — avamas - 1577917560. Thus we see it is not 
1577917564, as given by the commentary. Ill 12, 13,|14, 
15, each one can also independently give the same number 
of civil days. But everywhere the commentary assumes 
a-year of days 365-15-31-15, (this is Aryabhata’s), and 
proceeds with the proof, unaware that this will make the 
yuga days equal to Aryabhata’s 1577917500, 64 days short 
of what the number will be even according to it. Adding 
the sun’s revolutions in the yuga, the sidereal days = 
1582237560, and not 1582237564 as given by the com¬ 
mentary under II, 1. The mistake lies in its interpreting 
joladhara as 4, while it actually means zero ( Jaladhara = 
abhram = 0). 

That Krta, etc., are equal quarter yugas is got by the 
statement Sadr&anghrayastryah in I, 10. Therefore they 
are not in the usually given proportion, 4:3:2 :1, as 
mistaken by the commentary. This is also confirmed by 
X, 7, where the author defends Aryabhata against 
Brahmagupta, on this point. 3 Therefore, the civil days 
in each quarter yuga are a fourth of the total, i.e. 
394479390. 

I shall now show that according to this siddhanta 8$ 
years plus 15 days, etc., have gone since creation, and 
there are 72 yugas in a manvantara, etc. Ill, 18 states 
that the number of days since creation up to Kali is the 
product of 24798639 and days in a quarter yuga (found 
above to be 394479390) and has given it, viz., 978255198 
5550210. (It must be noted that the commentary omits 
the two digits 5, 0, and thus makes the number a hund- 

;3. Vajeivara Siddhanta Madhyamadhikara : 

srerste a i X-7 i 

II 


^MjcLctLcTTl1.€1.ClL 



82 


COiXECTEO PAPERS 


redth of the actual. Strangely enough, it asks us to use 
fot getting the product, the days in a quarter kqlpo instead 
of yuga, which will make the number more than one 
thousand times the actual! The disputed 15 days or the 
extra duration of the kalpa and mamantara in this system 
are too small to help removing the discrepancy; they will 
only mar the complete agreement in the digits.) There¬ 
fore, it is obvious that 24798639 given is the number of 
quarter yugas since creation. We have it therefore that 
the yugas gone must be 24798639-*-4 = 6199659£. I shall 
show this can be so only with the 15 days more. In 8$ 
years there are 8|X 360x2 kalpas. In the next 15 days 
there are 30 kalpas. Thus there are 6150 in all, in which 
there are 6150X1008 = 6199200 yugas. The yugas gone 
in the present kalpa -- 6x72+27+| = 459|. Therefore, 
the total yugas gone = 6199200+459£ = 6199659J, as 
required. Omitting the 15 days or making the kalpa 
equal to 1000 yugas , etc., as stated by the commentary, 
will give 8^ X 360 x 2 X 1000 + 6X71+7X-4 + 279 
= 61204:6 7 yugas only. Note the difference. Our 
conclusion is also reinforced by the agreement in the 
ksepas of the apogees and nodes, as we shall see later. 
It may be mentioned in passing that the relevant portions 
of III, 18, and I, 9-10, must have been wrongly read by 
the commentary or tampered with by somebody; as for 
instance, ccandradrayo in 1,9, must be ddasradrayo ; tatha, 
in 1, 10 must be tit hi (=15), bhujdbhra in II, 7 (peculiarly 
interpreted by the commentary as zero zero), must be 
gajdbhra and Aar a Aar a in III, 18 must be khaAaraAara 
Aara. (This last one will also make the metre correct.) 

We shall now show that the first day of creation 
according to this siddhanta (as also of every kalpa) is 
Saturday. All siddhantas agree that the first day of Kali 
is Friday. Dividing out the days from creation given 
above by 7, the remainder is 6, which means that the 
Week - day of creation is 6 days previous to Friday, i.e. 
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the day imtnediately following Friday, viz., Saturday.' 
This is also mentioned in HI, 19, by mandasitadyo 
vyastagananayd. Also logical reasoning, on the pattern 
of the position taken by the author in X, 9-11, points to 
Saturday as the first day. From this it follows that the 
first day of every kalpa is also a Saturday, because the 
days in the kalpa , since they have a factor, 14, must be 
divisible by seven. In the light of our finding, vyoma- 
carddhipa in III, 1, should be taken to mean grahandyaka 
or Saturn, 4 or it must be read as vyomacaradhika and, 
interpreted as the planet having the longest period or the 
greatest orbit, i.e. Saturn. In II, 9, raverdine must be a 
misreading for Sanerdine. Let it not be thought that the 
acceptance of the 71 year manvantara, etc. attributed to 
the system by the commentary, will give Sunday either 
for the kalpa or creation. It will not, as can be tested 
easily. (Under X, 11, by the way, in trying to show that 
the first day of the current kalpa is Thursday according 
to Aryabhata, the commentary makes several mistakes, a 
patent one being the omission from reckoning of the 27 
yugas in the current manvantara.) 

We shall now pass on to the revolution constants. 
We have stated that at the commencement of Kali the 
ksepa of the moon’s node is six rasis and of its apogee, 
three ratis. The revolutions of these being whole 
numbers and given for a yuga, and three - fourths of the, 
yuga having gone at the beginning of Kali, three - fourths, 
of the number of the respective revolutions clearly give 
half and a fourth of a revolution, i.e. six and three rdsis. 
At the commencement of the yugas the ksepas must be 
zero, and therefore at the commencement of the kalpas , 
too. But the commentary makes them six ra&is and three 
rdSis at the beginning of the kalpa, stating kalpudau 

4. Cf. S anati car a DvSdaianSma Stotra: 
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srstyadaiti exhibiting also ignorance of the fact- that 
according to this siddhanta there is no creation of the 
planets at the beginning of every day kalpa. Evidently 
kalyddau has been misread as kalpadau. 

I have given the yuga revolutions of Mercury as. 
17937056, while the commentary gives 80 for 56. Let us 
verify : by V,16, in a yuga , i.e. for 43,20,000 solar years 
gone, the cycles of Mercury = 4 x 4320000 + 4320000 x 
20533 + 135000 = 17280000 + 657056=17937056, agreeing 
with what I have given. We can reinforce this confir¬ 
mation by VII, 9, giving Mercury’s orbit as 695472 4- 
11424, 560533 yojanas. For, using the correct number of 
cycles got above in VII, 5, we get Mercury’s orbit = 
4320000X57753336 - (20 x 17937056) = 695472+11424 / 
560533, the same as given by VII, 9. This will also show 
that the correct reading of VII, 9 is, ‘ 

^ ^5:1 .’ Therefore, in 1, 13 

giving Mercury’s cycles kharasairhi should be read as 
rasdgni. This will also correct the error in prosody. 

The cycles of the Seven Sages are given in I, 15, as 
1692 (bhujagostayah) per yuga. But the commentary 
misses it, interpreting the verse with the next one, and 
making the remark, the number 1692 seems to be useless: 

nfiwrtV (There is another comment to 
match, under II, 5, : 

fljjfoitniwtmq ffii >’ Apart from the unheard 

of nature of the name, the commentary is unaware that 
the sandhi in the text cannot give the word. The word is 
'suftmuT s’ and the ‘r’ is due to sandhi . Vyatipata here 
means the two types, vyatipata and vaidhjti, hence 
dvigunita, vide the same instruction given by the 
Aryabhatiyam, Kdla 3.) 8 

5. Aryabhafiya KalakriyapSda 
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We now pass on to the revolutions given for 
Brahma’s life-span and the ksepas relating to them. Let 
us start with the cycles of the apogee of Mercury, 477291, 
and of the nodes of Mars, 20684, about which there is no 
dispute. The ksepas for Kali can be found conveniently 
in two steps, first up to the beginning of the current 
kalpa , and from then up to the beginning of the current 
Kali. (Those who do not want to use this easy method 
may multiply the cycles by the yugas gone and divide by 
72000x1008 the yugas in Brahma’s life-span to get the 
required ksepas.) To get the first part, the fraction to be 
used for multiplication is the kalpas gone since creation, 
by the total kalpas in Brahma’s life-span, i.e. (8£X360X 
2+30) (100x360X2) - 6150 = 72000 = 41 - 480. If 

the number of cycles be c and the result given in raiis, 
this first part of the ksepa = 12XcX41 480 -41c = 40 

=c+c/40. (This is given by the first half of IV, 53, 
khaka = 40, being misread as svakha, and gfhadayo as 
grahddayo and the meaning given as, 
intJiT*'’ with the comment, ^ 

5tfct«TT% !!) 

The multiplier to get the second part is the yugas 
gone in the present kalpa amounting to 459f as already 
found, and the divisor is the same as before. If this is 
given in minutes of arc, again c being the cycles, the 
second part = cx 12x30X60x459£ -f- (72000x1008) - 
cX613 “T" 4480. (The fraction 613 -s- 4480, or its equi¬ 
valent, must have been given by the last word of the first 
half, and the second half of IV, 53, spoiled beyond 
recognition.) Now, using the two fractions, the ksepa of 
the apogee of Mercury is the ra^is, etc., 7-8-15-0+0-8-27 
-54=7-16-42-54, exactly as given by the text in IV, 57. 
Applying to the nodes of Mars, the ksepa is, 9-3-0-0+1 
-17-10-12= 10-20-10-12, again exactly as in IV,, 59, 
(Incidentally, this confirms again that up to this kalpa 8$ 
years and 15 days have gone, and in this kalpa six man- 
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iGhtaras of 72 yttgas each have gone, and27f yugas in 
the seventh manvantara, up to Kali. Otherwise we cannot 
get the agreement in the numbers.) 

The above procedure gives us the means of verifying 
the cycle numbers on the one hand, and the ksepas on the 
other, when in doubt about one of them. We shall use 
it. The revolutions of the apogee of Mars are 81165. 
From this the ksepa is 10-3-45-0-i-6-5-5-50=4-8-50-50.The 
commentary gives 5 instead of 8 here, interpreting dhiyah 
(wrong'y read dhayah) as 5. We see it is 8 according to 
Vate&vara. This is confirmed by spasta IV, 11, giving the 
synodic period of Venus as 584 (qqtfsi eft q^i:, where eft 
must be taken as 8, but the commentary even here taking 
it as 5). Therefore dhikrtdnka dahanendavo, giving 
Jupiter’s apogee-cycles must be 13948, not 13945, as given 
by the commentary. Further, only the former will give 
the ksepa , 5-22-48-31, and not the latter, confirming our 
conclusion. (The latter will lessen the ksepa by more than 
3 raiis ) In the case of Mercury’s nodes, to agree with 
the ksepa, 11-10-19-54, Sara (ini, 18a) must be read as 
rasa , of course dhi as also mati (meaning the same), each 
being interpreted as 8; and we get 988271456418719. Ihe 
number made out by the commentary,955271455418719, 
cannot give the ksepa. In the case of Venus’s nodes in I, 
186, 3 for sikhi (meaning fire), is most probably intended 
(though it may also mean arrow or 5), for in I, 14, it is 
used for 3, and no author will use one word for two 
different numbers, which will be confusing (though the 
word may have two meanings), dhi is of course 8. We 
cannot verify the cycle number here because the verse 
giving the ksepa is missing, together with that of Jupiter’s 
nodes. 

'From Venus ? s number of cycles of apogee, 152842, 
the ksepa must be 2-20-3-26, and not the commentary’s 
2*20-13-2; and therefore the reading should be 
;rtrrwV tew:’ From Saturn’s number of cycles of 
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apogee, 72974, its ksepa must be 7-26-55-4, and the 
reading should be corrected as 'i^sirs^lsaftn %n:\ Using 
Saturn’s cycles of nodes 1542, the ksepa got is 8-20-1-0, 
and the reading is to be corrected as ‘tfse) 

From the ksepa for the sun’s apogee, the number of 
cycles should be 165801, and not 16511 as given by the 
commentary. The latter does not yield the given ksepa 
but 5-0-54-13. Therefore in I, 16, is a misreading 
for *13’. 

The first six significant figures of the node cycles of 
Mercury and Venus can also be verified by using I, 20: 
The Slghra cycles of Mercury and Venus, for Brahma’s 
lifetime, calculated from their yuga values, are respec¬ 
tively 988271746560000 and 196127640576000, and we find 
that their node cycles given by us agree to six significant 
figures. The difference in the other places is of course 
expected and necessary. 

The yojana measure of the great circle on the celestial 
sphere, given in VI1,3, can be verified by using VII, 5, and 
therefrom it is 4320000x57753336-20=12474720576000 
as given by me, there being no doubt about the cycles 
used and the method. 6 Therefore, the commentary’s 
1222514920576000 making the number about a hundred 
times what it is, is wrong. So we see that in VII, 3, graha 
should be interpreted as 7, and not 9, as the commentary 
does (in II, 7, the commentary itself interprets graha as 
7), and that (=2251) is a misreading for 

(=47). The commentary’s reading also in against 
prosody and uses for 2, not generally used. 

6 . See also, (i) Aryabhatiya GitikapSda : 

( 32 ) 

v (30) (60) ^ io spin 5 4 j 

(ii) Mahabhaskariyam: 

(216000) 

i VII 20 ( 
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There are scores of other places also where the 
commentary gives wrong constants, as for example in 
V, 1. These are fundamental, and are used in a number 
of other places to derive and give other multipliers, 
divisors and ksepas for shortening the work. It is funny 
to see how the commentary ministerprets many of them 
and adduces proofs, of course wrong, for them too ! 
I have mainly taken the Madhymadhikara for study here. 
In the Spastadhikara too there is a lot to be corrected. 
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THE SCHOOL OF ARYABHATA AND THE 
PECULIARITIES THEREOF 

Reprinted from the Indian Journal of History of Science^ 

Vol. 4, Nos. 1 & 2, 1969 

It is possible to classify early Hindu astronomical works into 
specific schools, on the strength of certain peculiarities of each. 

One such school is that of Aryabhata, revealed in his Arya- 
bhaflyarn. Prabbakara, Bhaskara I and the Kerala astronomers, 
Govindasvamin, Haridatta, etc— belong to this school, as also 
Vatelvara in the north. 

Aryabhata and Vatetvara give peculiar lengths for the different 
eons. According to them the yuga, though consisting of the 
usual 4,320,000 years, is divided into four equal quarters, krfa, 
etc., instead of in the ratio 4: 3 : 2 :1. Seventy-two yugas make 
a manvantara and 14 manvantaras or 1,008 yugas constitute the 
kalpa, with no manvantara-sandhi. Time and its indicators—the 
sun, the moon and the star-planets—were created together with 
Brahma and considered to last as long as Brahma lasts, instead 
of being dissolved and recreated in each kalpa forming the 
day-time of Brahma. The moment of this creation was mean 
sunrise at Lanka and the day, Saturday. At the beginning of 
the current kalpa, eight and a half years and 15 days of 
Brahma’s life had elapsed. At the beginning of the present 
kali yuga, six manvantaras and 27| yugas had gone in the kalpa » 
VateSvara gives the revolutions of the apses and nodes (excepting 
those of the moon) as so many cycles in the lifetime of 
Brahma, and therefore all this is not of mere academic interest. 

We also find variations from other schools in the number of 
cycles of the mean or Sighra motions, as also in the degrees 
of epicycles. An important peculiarity is the use of the true 
hypotenuse in computing the equation of the centre (condemned 
by BhiskarScirya II). Another peculiarity is dispensing with 
the first operation (i.e. the application of half-equation of 
conjunction to the mean) in the case of Mercury and Venus. 

It is possible to classify early Hindu astronomers 
and astronomical works into specific schools on the 
strength of certain peculiarities of each. One such 
school is that of Aryabhata, as revealed in.his Aryabhati- 
yam (a.d. 499). Aryabhata has written another work 
known as his Ardharatrika system which has been 
12 ' 
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adopted by Brahmagupta in his Khandakhadyaka 1 (a.d. 
665), which he claims to give the same result as the 
Ardharatrika, whose constants and other peculiarities are 
given by Bhaskara I ( c . a.d. 628) in his Karmanibandha 
(better known as Mahabhdskariyam ), chap. VII, 9 and 
which, the followers of Aryabhata think, has been 
intended only to be examined and refuted, as Govinda- 
svamin claims in his Bhdskarlya Bhdsya under VII, 35. 
This Ardharatrika system is representative of another 
school to which belong the Saura Siddhdnta condensed 
by Varahamihira (V.M.) in his Panca Siddhdntika ( P.S., 
c. a.d. 505) and the Paulina often quoted by Bhattotpala 
in his commentary on the Bfhatsamhitd. The school of 
Aryabhata is represented by his direct pupils like Prabha- 
kara, Bhaskara I who has written the Aryabhatiya Bhdsya 
and whose Karmanibandha is claimed to be a vdrtika of 
the Aryabhatiyam, Govindasvamin its commentator* 
Haridatta, the author of the Grahacdranibandhana, and a 
long line of illustrious Kerala astronomers, as also the 
famous VateSvara of Anandapura. Besides the peculi¬ 
arities we are going to talk about, the fact that these 
astronomers belong to the west coast from Valabhi in the 
north to the Cape in the south, and that they were 
conscious of belonging to this school, as gathered from 
statements made in their works, 3 point to the existence 
of the school. 

1. Cf. Khandakhadyakam : 

* (I.i) 

2. Cf. Mah&bhaskariyam : 

fsfasfcl: ssfolT qtgit rjtsUPltafoFt fafa: I 
era* 4 srwrtr (Vii.2i> 

3. (a) Vide, e,g. Bhaskara I’s statements in the Mahsbhis- 

kariyam s 

(i) fqt 

uopr fipszn* **—i (1.3) 

(H) *** (1.21) . contd. 
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One important peculiarity of the school is that its 
system of eons differs from that of other schools and the 
Puranas, as can be gathered from the Aryabhatiyam and 
the commentary thereon, and from the Siddhanta of 
Vatesvara, by gunopasamhdranydya. According to this, 
in the mahdyuga (also called the yuga ), there are 4,320,000 
years; but this is divided into four equal quarters (kfta, 
tret a, dvapara and kali) of 1,080,000 years each, as seen 
from Vat. Sid., I, 10: ‘four equal quarters’, Aryabhatiya 
Bhdsya under gxtikd 3, ‘for us the four quarters of the 
yuga are equal’, and as inferred from Vat. Sid-, madhya: 
X, 7, and gitikd 3. 1 Seventy-two yugas make a manvan- 
tara, and 14 mamantaras make a kalpa (half-day) of 

(Hi) Tnwr reqmfiren: (i 40) 

(iv) ejeqtW qf&rafq^t we*q fasuT: || (II.5) 

(6) And vide his Aryabhatiya Bha$yam: 

grUT: (gitika 3) 

(c) Not only does Vatesvara declare that his source is the 
same as that of the Aryabhatiyam, but he also salutes 
the same deities as Arpabhata does and professes to 
follow his work and school: cf. Vatetivara Siddhanta : 

(i) 

5TtBT 

4^Sf%<5 ^jq^lq i (madh., 1.1) 

(ii) sfiTSfoqT I rfoi^'Tte5fl?T3S’TJn4- — 

fastis srcfSfafinx gfafJr^wir: 

f*ff gq fwq. | (madh., 1.2) 

The defence of Aryabhata which he puts up at the end of 

the first section also points to this. 

1 (i) q (3) q 3 ) 

(ii) gnfirs*? (Fat. Sid.. madh., 1.10) 

(iii) q 

(Vat. Sid., madh,, iT.7) 
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Brahma, consisting of 1,008 yugas. These are not only 
mentioned in various places, but also can be inferred 
from various ksepas involving these periods. 1 (On the 
other hand, it is well known that other schools, and the 
Puranas, say that the duration of fyta, etc., are in the 
ratio 4:3:2: 1, that 71 yugas make a manvantara, and 
that 14 such manvantaras, plus 15 sandhis, each equal 
to | yuga , make up the kalpa of 1,000 yugas.) 

To continue, two kalpas make a day of Brahma, 360 
such days form his year, and his life span is 100 such 
years, as commonly held. But this school asserts that 
time with its indicators—the sun, the moon and the other 
heavenly bodies—was created with Brahma (the moment 
of their creation being mean sunrise at Ujjain) and co¬ 
existent with him, unlike the statement of others that 
these bodies are created afresh in every day-time kalpa 
and get into dissolution during the night-time. At the 
beginning of the present kalpa 8J years with 15 days have 
elapsed since Brahma’s creation according to VateSvara. 
(According to others 50 years have just passed and we 
are in the next day.) Aryabhata is silent on this point, 
since he has no use for it as he does not give the slow- 
moving cycles of apogees and nodes. But Bhaskaracarya 
II, in his Siddhdnta Sir omani (Ganita: madh.: kdlamdna: 
26), gives it as the opinion of some that Brahma’s age is 
8£ years. We do not know whether this is made as an 

1 (i) (14) ngp (72) 

^ (6) (27) ^ J (Arya., gitika 3) 

(ii) aisstert Sift t ( Arya., kdla 8) 

(iii) (432) s^3f?tT 

(72) ^15011 {Vat. Sid., madh., 1.9) 

In the edition brought out by the Indian Astronomical 
Institute, New Delhi, is a wrong emendation for 

as shown in the author’s thesis, ‘The System and 
Constants of the Va[e$vara Siddhanta. 
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approximate statement, or as the opinion of a variant of 
the Aryabhata school, and held by Aryabljata; himself. 
But we can be sure that in Vat. Sid., madh.: I, 10, this 
extra period of 15 days has been given (but masked by 
scriptory errors) as a study of madh.: III, 17-18, and IV, 
56-60, will show. 1 (Before proceeding I wish to state 
that the commentary of the only printed edition available 
of the Vateivara Siddhanta exhibits spoiled constants in 
most places, so that they contradict one another, and the 
correct constants have to be determined by investigation 
and research, which I have done in a separate paper with 
the title, ‘The System of the Vateivara Siddhanta’. What 

1 am using here is part of that, and for fuller knowledge 
or in doubt that should be consulted.) 

In III, 17-18, 2 the number of quarter yugas from 
creation up to the beginning of kali is given as 24,798,639, 
and this multiplied by the days in one quarter yuga 
(=394,479,390) gives the days from creation up to kali 

(faferfcfrHf ?) m i (q? ?) 

{Vat. Sid., madh., 1.10) 

In the above-mentioned edition, the reading in the second 
foot gives nothing. The author’s emendation is only to give 
the idea that should be there, which alone can be done in the 
absence of the original manuscript. 

2 (i) gsitir: ^i?^ f 

<s>7f%gtserwT Pirr i 

(24798639) ffa* (4) %: i 

(Vat. Sid., madh.,. 111.17) 

(ii) kfNiW- 

(9782551985550210) i 
( Vat. Sid., madh.. III.18) 

For details, see the article, ‘The System and Constants of the 
' Vafeivara SiddhSnta'. ~ 
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as 9,782,551,985,550,210. Dividing the quarter yugas by 
4, the yugas from creation is 6,199,659f, and this must 
be got if we compute the number. With the 15 extra 
days, the (Brahma) days from creation are 8£X360+15= 
3,075. The number of kalpas are 3,075x2 = 6,150. In 
this period there are 6,150x1,008 = 6,199,200 yugas. 
The yugas gone in the present kalpa are 6 X 72+27 + $= 
459$. Adding, we get the total number of yugas to be 
6,199,659$, the same as we want. Thus we see it is 
15 days more than 8£ years. Our conclusion is reinforced 
by the fact that only with the 15 days more can the 
ksepas, given in IV, 56-60, be got. The cycles of the 
apses and nodes of the sun and the star-planets have 
been given as so many in Brahma’s life span of 72,000 
kalpas (or 72,576,000 yugas) in Madh , I, 16-19. Using 
these it can be seen that for the 6,199,659$ yugas gone up 
to the present kali, with the 15 days included, we get these 
ksepas to the second. 1 

1. For those who care to work these out and verify, the details 
are given below. The ksepas marked *have not been given by 
the printed text mentioned, perhaps this portion ot the 
manuscript is missing. They have been worked out and given 
here. (For further details, see the article, ‘The System and 
constants of the Vateivara Siddhanta '.) 


Body 


Number of cycles in the 
life-span of Brahma 

Ksepa in raiis, etc. 

Sun : 

apogee 

165801 

2-18-51-37 

Mars : 

f » 

81165 

4- 8-50-50 

Jupiter : 

99 

13948 

5-22-48-31 

Saturn : 

t* 

72974 

7-26-55- 4 

Mercury : 

99 

477291 

7-16-42-54 

Venus : 

9* , 

152842 

2-20- 3-26 

Mars : 

node-* 

20684 

1L-20-10-12 

Jupiter : 


39302 

9- 0-54- 2* 

Saturn : 

»» 

1542 

8-20- 1- 0* 

Mercury : 

M 

988271456418719 

11-10-19-54 

Venus : 

M 

196127480636835 

5-24- 1-56* 
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But though Aryabhata has not given the number of 
the above cycles of the apses and nodes, Bhaskara I gives 
evidence of his knowledge of their motion when he says 
in his commentary under gitika 9 that Aryabhata has 
given these in loose verses. 1 But as the only two 
manuscript texts of the Bhdsya available are much 
vitiated, it is not possible to connect these with the cycles 
given by VateSvara. 

Another point of distinction is that this school 
asserts that a great circle on the celestial sphere, 
measured in yojanas, is 12.474,720,576,000. This is th® 
distance moved by the sun, the moon or the star-planets 
in a yuga, Hindu astronomy asserting that all have the 
same rate of motion. In the moon’s orbit It is 10 yojanas 
per minute of are according to this school, as given by 
Aryabhata in gitika. 4, by Bhaskara I in Mahabhds - 
kariyam, VII, 20, and by VateSvara in his Siddh&nta, 
Madh., VII, 3-7.® They all give the same manner of 

1. Cf. Aryabhatiya Bhdsya of Bhaskara I, under gitika 9, about 

the node: 

(i) 

spruit Jumn-umRs i 

and about the apogees: 

(ii) ‘arar ftfirfa 

gSrodiM en^tn ^rass- 

trati ufcrsf%f«®«resi5m af%q?*?TsRt4tacr i — 

s^Rtngfofercsar: irauprong; i 

...w fcrj: JT?rartt^p 

ftftrr 

2 (i) (t2) 

it (30) * (60) 3? (10) rpn: (Ary., gitika 4) 
(ii) tswfuxnrcrs^ (216000) Ri^t: 

UW | ( Mahdbhask ., VII.20) 

. cond. 
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getting it, 10 X the minutes in a circle (= 21,600) x the 
moon’s cycles per yuga (=57,753,336). As all schools 
hold that the absolute motion is the same, the ratios of 
the measure of the celestial sphere, according to them, 
will give the inverse ratios of the absolute values of the 
yojanas used by them. For example, the celestial sphere 
is 10X32,400X57,753,336 according to the Ardhardtrika 
system^ and the Stlrya Siddhanta school. Therefore the 
yojana measure they use is f that of the Aryabhata 
school. 

Another important peculiarity of this school is the 
use of the true hypotenuse in the computation of the 
equation of the centre. The use of the hypotenuse in 
the equation of conjunction is common and accepted by 
all schools, as justified by the eccentric or epicyclic 
theory of the motion of the planets, which can be readily 
seen from a geometrical representation of the motion. 
By the same logic, the hypotenuse should be used for 
the equation of the centre also, the theory being 
essentially the same. That is why this school uses it, as 
a geometrical consequence of this theory set forth by 
Aryabhata in Kala-kriyd: 17-21, combined with the 
theory of uniform motion given in Kdla: 12-14. Thus, 
in the Mahdbhask., IV, 8-12, the manner of getting the 
true hypotenuse as based on the theory of epicycles is 
given, and in 19-20 the same as based on the eccentric 
theory. In 21, the approximate sine equation of the 
centre is asked to be multiplied by the radius and divided 

(iii) sphtES (4) slfg 

(12474720576000) 

, (Vat. Sid., madh,, VII.3) 

(iv) *§TSf8ET (20) *ras: y 

3T (10) | 

(Vat. Sid,, madh.. VII.S) 
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by the true hypotenuse to get the correct sine equation 
of the centre. Vat. Sid. Spastddhikdra, II, 3-4, gives 
the method of getting the true hypotenuse, and III, 11 
instructs its use to divide the approximate equation of 
the centre to get the correct one. 1 

The use of the hypotenuse is not only a logical result 
of the theory, but it will also give a better result. It 
supplies part of the second term of the modern correct 
equation of the centre. Neglecting powers of e 
(eccentricity) higher than the square, the first two terms 
are 2e sin m—5/4 e 2 sin 2m, where m is the mean anomaly 
reckoned from the higher apsis, as in Hindu astronomy- 
The distance between the centres of the original and 
eccentric circles is equal to 2e. It is also the radius of 
the epicycle. According to the theory, correct sine 
equation of centre = 2e sin m~-h ( = hypotenuse). But 
/j = sinm-rsin (m—eq. cent.), if the radius of the 
eccentric circle is taken as unity. Therefore sin eq. 
cent. = 2e sin m X sin (m—eq. cent.) sin m — 2e sin 

I. (i) Cf. Mahabhaskariyam : 

qVn<^ir: i 

lynsipiT i 

^Rq^faflPlq qq II (IV.19-21) 

The same is said in (IV. 8-12) also. 

(ii) Also cf. Voted vara Siddhdnta: 
sserezr VTqfii? 

qq sSjsjqtTppt f qt?q qisq-. i 
qifqq'teu ?rc: 

qreqrqqTqaf&qqPtqq^l i ( spast ., n-4) 
f^T strrgqpfqT 

^q qcir qjteq 

?qre?g;e)f qr: # (spast; III-ll) 

13 
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(m —eq. cent.)=2e sin (m —2e sin m) (since the eq. cent, 
is small) = 2e sin m—4e t sin m cos m — 2e sin m — 2e* 
sin 2m. Though we get 2e 3 as the coefficient of the 
second term, instead of the correct 5/4 e 3 , it will not 
make much difference, being the second power of e. 
Also, the point is that we get the term instead of 
neglecting it. Using the moon’s epicycle of 3 If degrees, 
which gives 7/80 as the value of 2e, we get for the second 
term—13'sin 2m, the same as the modern correct one. 
(The apparent complete agreement is due to the Hindu 
coefficient of the first term being defective by about a 
fifth.) 

Bhaskaracarya II discusses the point, why other 
schools do not use the hypotenuse for the equation of 
centre. He says that some do not use it thinking that the 
difference is small. This depends upon what we consider 
small and negligible and may be accepted. But the other 
argument he gives, quoting his master Brahmagupta, 
that the theory itself is that the epicycle instead of being 
uniform, is proportionate to the true hypotenuse and has 
to be multiplied by it and divided by the radius, and 
therefore the division by the true hypotenuse is cancelled 
out, is untenable, for this kind of argument helps only 
to shut out a tolerably good theory already existing and 
nothing more, and is just a way of escape, as pointed 
out by Caturvedacarya in his commentary on the 
Brahmasphuta Siddhanta (cf. Sid. Siromani: Gola: 
Chedyaka; and commentary thereon). 1 

1. (i) Cf. Brahmasphuta SiddhSnta : 

fsr^cn i 

smspir^ ms* i 

(n) And also cf. Siddhanta Siromani, gola: 

f ■tit t 

sprfijJO!: 

|| . contb. 
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Another peculiarity is dispensing with the first of the 
four operations (according to this school) of applying 
half the equation of the centre to the mean, in the case 
of the Mercury and the Venus. This is according to 
Aryabhata, Bhaskara 1 and Haridatta. 1 But Vatesvara 
seems to vary even from this (if the printed text is 
correct), dispensing with the first two operations, and 
changing the order of the third and fourth, though he 
himself as also other astronomers all give the application 
of the equation of the centre as the third, and the 
application of the equation of conjunction as the fourth. 3 
The question naturally arises whether this is an improve¬ 
ment in the method, so as to give a better result. In the 
first place, even the original method, with its four steps, 
is far from satisfactory. The third and fourth steps alone 
are capable of yielding correct results (modern astronomy 
uses only these), provided (i) the true sun is used for the 
sighra of Mars, Jupiter and Saturn and the madhya of 
Mercury and Venus, (ii) the true hypotenuse of the sun 

ftit I 

atit ftfspn l ( sphutagativas 36 -37) 

era fast i ( Mahabhasic IV.53) 

Heft I 

( Grahacaranibandh III.10) 

SttsftTiTiTsdfa 

I (Aryabh. kala., 24) 

2. Cf. Va ted vara SiddhSnta, spaf/adbikara : 

newt? n (II.2) 


I. Cf. 

(i) 

(ii) 

(iii) 
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is introduced in the proper place and (iii) the equation 
of the centre is applied to the iighra of Mercury and 
Venus instead of their madhya. It is noteworthy that in 
the case of Venus, Hindu astronomy actually does 
(i) though purporting to apply the equation of centre to 
Venus. Venus’s being less, is masked by the sun’s. That 
is why its apogee given is really that of the sun. But 
otherwise dispensing with the half-manda application is 
not going either to make or mar the correctness of the 
result. As for the very peculiar instruction of the 
Vateivara Siddhanta, to apply the equation of conjunction 
and then apply the equation of centre is quite wrong. 
But Vatesvara is too astute to make this mistake, and the 
text in the printed edition (got from an only manuscript) 
must be wrong. 

Another peculiarity is that the yuga is divided into 
two parts, utsarpini and avasarpim on the one hand, and 
susamd and dussama on the other, as given by the 
Aryabhatlyam (kala 9) and the Vat. Sid. (madh., II, 6). 1 
Even from a time as early as Bhaskara I, who is later 
than Aryabhata only by a little more than a century and 
who comes in a direct line of pupils, commentators are 
not sure of the import of these divisions ( vide commentary 
under kala 9 in the Aryabhatlyabhasya of Bhaskara I and 
Bhatadipikd of Paramesvara). A general interpretation 

1. (i) Cf. Aryabhatlyam : 

Jjeir 

SS^T^'tT *T I (i kdlakri 9) 

(ii) And also cf. VafeSvara Siddhanta, madhyamadhikara : 
trzmifa 

Jfsxt 5SSTOT ?*TT- 
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is that during the first half of the yuga, the longevity, 
strength, ability, etc., of creatures increase and, in the 
second half, these decrease, an idea current among the 
Jains. 

Only three sections of the Vatesvara Siddhanta are 
available to us in print now. When the rest is also 
published, we can come across more items peculiar to 
this school. 


?7#it/a/CTHXc.ai 57 lujuth-A. 



SOME MIS INTERPRETATIONS AND OMISSIONS 
BY THIBAUT AND SUDHAKARA DVIVEDI 
IN THE PANCASIDDHANTIKA OF 

varahamihira* 

The Pancasiddhantika (PS) of Varahamihira (VM) is 
very valuable as a source of information on the state of 
Hindu astronomy before the 6th century A.D. because 
in this work VM has condensed the basic texts of five 
astronomical schools in vogue before him. VM has 
depicted herein, very faithfully, the constants and methods 
of the said five schools. The work was edited in 1889 by 
Thibaut (T) and Sudhakara Dvivedi (S) on the basis of 
two badly vitiated manuscripts available to them. Since 
no ancient commentary was to be had, S added to the 
edition a short Sanskrit commentary, and T supplied it 
with an English translation and explanatory notes. Un¬ 
fortunately, certain important verses of the text have not 
been touched by T-S, as being obscure, and in many 
places their interpretation is wrong, some being seriously 
so. These mistaken ideas have been repeated and made the 
basis of further research by later scholars, who perhaps, 
did not have the time or ability to go into the relevant 
verses and draw conclusions for themselves. During the 
more than eight decades now, since the work was issued, 
nobody has re-edited the work, supplying the omissions 
or rectifying the mistakes. There have just been two 
reprints (1930, 1968), perpetuating the errors in the 
earlier edition. An attempt is made in the following 
pages to correct some of the more important errors, 

* A paper presented to the International Sanskrit Conference, New Delhi, 
March, 1972, 
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1. PS III. 1-3 gives the sun according to the Paulisa 
(P). The meaning is: “ Multiplying the days from 
epoch by 120, subtracting 33, and dividing by 43831, the 
revolutions etc. of the ‘mean’ sun is got. 20° added to 
this is called kendram, (‘anomaly’). For each RaSi of 
kendram subtract one for one, 11/, 48', 69', 70', 54', 25', 
and then add 10', 48', 70', 71', 54', and 25'. The ‘mean’ 
sun becomes true. ” 

This straight interpretation supplies all the infor- > 
mation required to get the true sun. For e.g., let the days 
from epoch be 620 (120X620—33)43831 = 1 Rev., 8 
Ra§is, 10° 52'== 8 Rasis, 10° 52'^= 'mean’ sun. This plus 
20°, i.e., 9 Rasis 0° 52', is the kendram. So, for the 9 full 
Rasis have to be applied,—11', —48', —69', —70', —54', 
—25', + 10', + 48', + 70', and + 2' for the 52' left over, * 
i.e., in all, —147' ( = — 2° 27). Therefore the true sun = 8R 
10° 52' — 2° 27' = 8 R 8° 25'. 

It can be seen that by madhyama-surya the Siddhanta 
actually means the mean sun plus a large part of the 
equation of the centre at epoch, and that by kendram it 
means not the anomaly as we understand it now, but only 
the argument to get the correction to the so called mean 
to become true. (It must be noted that the Vdkyakarana 
gives a similar method for the sun, in the shape of what 
are called Bhupadivakyas, to be applied to the sun from 
the beginning of the true year). 1 

But the translation of T-S says, “Add 20“ to the 
kendram, ” and raises to questions : (l) How are we to get 
the kendram without the ucca being given, and (2) why 
should 20° be added to the kendram (which is not even 
used), while to use the equation of the centre for the 
Rasis would be easier and better ? If the real anomaly 
plus 20° be called kendram, why not call the so called mean 

1. Vekyakarapa, Cr. Ed. by T. S. K. Sastry and K. V. Sarma, (Madras 

1962), p. 15. 
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plus 20° so? Then, against all canons of interpretation, 
they add together the quantities instructed to be sub¬ 
tracted, given in one sentence, and the quantities instruc¬ 
ted to be added, given in the next sentence, and say that 
these are the equation of the centre values, and thereby 
face the further difficulty that, according to their inter¬ 
pretation, the instruction where to add and where to sub¬ 
tract has not been given. Why at all should each value 
be split into two almost equal parts and the two series 
given in two different places ? Further, they do not see 
that their made up values are so erroneous as to represent 
anomalies 20° off even. 

2. In PS III 15, the true sun or moon, computed 
•for the mean sunset at Yavanapura (Alexandria), is 
reduced to the true sunset of a desired place. The 
meaning is: “ From the nadikas of de&dntara in longitude 
(given by 14) subtract half the cara (ascensional difference 
given in 10) if the sun is in the six signs. Mesa to Kanya, 
and add the same if the sun is in the next six signs. 
Subtract the motion (of the sun or moon) calculated for 
this period (from the sun or moon) already found. We 
get them for the sunset of the place. ” 

T-S have missed the import of the verse and have 
translated the'last part as: “Reject the remaining 
ascensional difference. ” If it means this, need it be 
said? From the instruction it can be inferred that the 
work is for places in India. 

3. In PS III. 10, the computation of two yogas , viz., 

Vaidhrta and Vyatlpdta, (also called Sdrpamastaka), that 
are days of trdddha, are given. (Note that the subsequent 
verses also give the times for the propitiation of the 
manes.) The meaning is : " When the sum of the true 

sun and moon is equal to 12 signs, then is the yoga, 
Vaidhrta. When the sum plus 10 naksatra segments (te. t 
4R 13° 20') is equal to 12 signs, then is the yoga, Vyatlpdta , 
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The exact time of day (of their occurrence) should be 
sought by using the degrees remaining over (the 12 signs)” 
(The technical Vyatlpata is given in 22). Not realising 
the purpose of the verse, T-S have unnecessarily changed 
cakre into satke, and given a meaning not intended here. 

4. PS III. 28-29 give the Paulisa Rahu (moon’s 
nodes). To know the position of the node at any time 
it is necessary that (i) its longitude at epoch should be 
known, and (ii) its motion during the time from epoch, 
which should be subtracted from (i) to get the present 
position. 

Verse 28 gives (ii): “ Multiply the days from epoch 
by 8, and divide by 151, and add minutes equal to the 
revolutions, to get the degrees of motion during the 
period.” 

Then 29 gives (i) and how to use (ii), thus : 7R 25° 
59' are Rahu’s (longitude at epoch). The first, i.e. the 
motion given in 28, being subtracted from this is Rahu’s 
Head, {i.e., ascending node). This plus six signs is called 
Rahu’s Tail, {i.e., descending node). ” 

Note that from this we can see the ascending node 
at epoch, (Saka elapsed 427, Sunday, 37-20 n3<lika from 
sunrise at Ujjain, which is 509432 days, 22-40 nStfikas 
before mean sunrise at Ujjain on Jan. 1, 1900) to be 7R 
25° 59", i.e., 235° 59". Compare : The ascending node 
computed for the time by modern astronomy is 236° 11', 
Siddhantasiromani 237° 6', Romaka 235° 49' and Saura 
236° 6'. See the close agreement, wich will show the 
need for the ksepa at the epoch. 

But T-S have mistranslated (29) and obliterated the 
k$epa as they have done in the case of the VSsistha 
moon. 1 They have missed to note that if left with (28), 

1. See the present writer’s paper, ‘The Vasigtha San and Moon, 
Jl. of Or. Res. 25 (1955-56) 19-41. (pp. 1-28 in this book). 

H 
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and the ksepa was assumed zero at epoch, there should 
at least be the instruction to subtract the result of (28) 
from 12 signs to get Rahu, the motion being retrograde. 
The relevant section of S’s commentary is nonsensical 
and T confesses ignorance of the expression vrScika- 
bhagd rdhoh. S says: “There are already 25', being the 
length of the scorpion-like limb of Rahu. Subtracting 
this 25' from the Rahu found in (28), Rahu’s Head is 
obtained. For the fact that Rahu has this scorpion-like 
limb, we have only to depend on the statement of the 
ancients, no other reason can be given.” The fact is 
that T-S do not realise that vricika-bhagd... means 7R 
25°59'. This method of stating positions is common, as 
for instance, sardhdh pancalino bhogah (XVIII. 1), 
kanyamsan sadviriiiatim (XVIII. 2), navasdrdhah 
kanyamiah (XVI IT. 11), sodasa vrsabhasyamSah (XVIII. 
18), mithunadaldi iodhyate (VIIT. 2); and these 
expressions have mostly been interpreted by T-S in the 
way intended by VM. 

5. III. 31. gives the Paulina moon’s latitude. Here 
the maximum given is 280', by both manuscripts. But 
T-S, for no apparent reason, make it 270', by introducing 
an unlikely emendation. (The Romaka too gives 280', 
as can be seen from VIII. 11 and 14, though, here too, 
T-S introduce unnecessary emendations making them 
240' in one place, and 270' in the other.) There are 
however, very strong reasons to believe that the 
maximum latitude given is actually 380', that this 
Siddhanta got this by extrapolating the latitude 55' for 
the ecliptic limit 13° by the proportion 13°: 90°:: 55': 
max-lat., since the proportion mentioned here is, as 
elsewhere in this Siddhanta, according to the degrees and 
not their sines, and that VM’s “ lipttiiatatraye..." has 
been mis-corrected by some scribe into “liptaiatadvaye...” 

6. T-S have not interpreted III. 32-37, as being too 
obscure. Here VM criticises certain astronomers of his 
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time like Bhadravi§i?u whose works gave wrong tithis and 
naksatras, and the people who follow them blindly. He 
criticises the Romaka stating that the tropical year given 
by it will, in course of time, overthrow the luni-solar 
year of the Hindus based on the fixed naksatra system 
and play havoc with the DharmaSastra rites and national 
festivals like Rama-Navami. By giving this criticism at 
the end of the Paulisa Siddhanta, VM exhibits his 
intention that the Paulisa should be followed by the 
people, alternatively with the Saura, for which purpose 
he gives it so very fully, indicating the days of Sraddha 
etc. It may be remembered that Paulisa includes the 
Vasi?tha mutatis mutandis, as in the case of its moon and 
star-planets. 

7. In the second half of IV. 1, VM says, “Here, 
assuming that (meaning by ‘ that ’ the diameter of the 
circle mentioned immediately before,) to be -4°, the R 
sines of the eighth parts of signs (i.e., 3|-°, 1\°, etc.) are 
given, (with the method of computing them)”. From 
this it is clear that VM has taken R to be 120', and the 
sine of 3 signs. But T-S have missed this meaning, and 
have taken the word ‘that’ to indicate the circumference. 
They say: “Dividing the circumference into 4 parts, the 
R Sines of the eighths of the signs are given.” So, 
according to them, the radius is not given as being equal 
to 120, exactly, but what it would make up by adding 
the last sines given, to the sine of 2 signs got, and by an 
error arrive at 120 / 1" for the radius. This seemingly 
innocent V has perplexed scholars, and some have asked 
me what VM intends by this tail of V. In comparative 
studies they quote this extra V with meticulous care. 
Why, T-S themselves have taken it as sacrosanct, and in 
filling up the gaps in 13-14, with sine-intervals, according 
to the context, choose the numbers in such a way that 
they all add up to exactly 120' 1". 

The fact is that all this is the result of an apparently 
wilful mistake T-S have committed. The text gives the 
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sine of 60° as 43' 55" over the 60' of the first sign, to 
make up the correct 103' 55". By some freak of thought, 
T-S have emended hind manubhir visayaih in IV. 9. into 
hind manusdgaraih, and, given 43' 56", instead of 43' 55". 
As a result, all the R sines in the third sign are in excess 
by 1", and the last is got as 120' 1". It passes one’s 
comprehension why T-S emended the correct visayaih 
into sdgaraih, and created all this trouble for themselves 
and for others. 

8. T-S have left IV. 16-18 untouched, with the 
remark that these probably give the moon’s latitude. 
Actually they give a rule to find the sun’s declination, 
and then the worked out declination intervals for every 
7£° of the sun’s longitude. The meaning is: “The R sine 
of the sun’s longitude x 61-M50, is the R sine of the 
sun’s declination, (the maximum R sine declination 
being, 120' X 61 ^ 150 = 48' 48", giving 24°, as the 
maximum declination). The moon’s declination is this, 
plus the moon’s latitude. The declination intervals for 
quarter signs are 183', 180', 175', 166', 156', 144', 128', 
104', 90', 63', 40', 11', (total 1440').” 

9. In IV. 41-44, the sun’s shadow at a given time 
is computed. Here, in (42) the sentence, avUodhanena 
jlvdsadghnlndm eva kartavyd means, “If the degrees of 
ascensional difference cannot be subtracted from the 
degrees of the given time, being larger, take, simply the 
sine of the degrees of the taken time.” This instruction 
is necessary, in the case when the ascensional difference, 
which is asked to be subtracted when the sun is in the 
six signs Me§a etc., happens to be larger. But T-S do 
not see the need for this instruction, which is the correct 
meaning, but say that this gives as a general rule : “Of 
the nadikSs multiplied by 6, take the sine without any 
correction, (to the said nadikas).” In fact the question 
of correction does not at all arise here. Then what can 
this mean ? 
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10. In IV. -50, the moon’s shadow is sought to be 
calculated, as that of the sun done earlier. Here the 
instruction is: “Take the time after sunset for which 
the moon’s shadow is wanted. Add to it the time elapsed 
from moonrise to sunset, if the moon has risen in the 
daytime. If the moon rises in the night time, subtract 
the time of moonrise after sunset. Take this as the given 
time, and work out as for the sun. The moon’s shadow 
is got.” T-S interpret the verse in such a way that the 
moon’s shadow would be got in the day-time, when the 
sun is shining! 

11. In IV. 52-54, and then in 55-56, VM uses the 
word arkagra or surydgra in the sense of iankvagram of 
Bhaskara I or sankutalam of Bhaskara II. T-S have 
understood this to mean what is usually called agrd or 
‘sine amplitude of the rising or setting sun’. This has 
resulted in the wrong interpretation of the verses, though 
with great difficulty they struggle out, with the correct 
ideas intact. 

12. In V. 1-3, giving the time for the first visibility 
of the moon, the correct expression ayandnukulaviksipte, 
given by the manuscript text, meaning, ‘if the latitude 
has the same direction as the northward or southward 
course of the moon’, has been emended by T-S into 
‘apamdnukulaviksipte and the meaning given as, ‘if the 
moon’s latitude has the same direction as the difference of 
the declinations’, which is nonsensical. 

13. In VI. 2, VM instructs that 1° 36' should be 
subtracted from the calculated Rahu (nodes) and then 
the computation of eclipse proceeded with. (This must 
be an empirical correction by VM himself.) But T-S 
interpret sasatk/tikalam hitvamSam to mean ‘subtracting 
26’, neglecting the word amiam, and think that this is 
the same as given by them in III. 29, as correction for 
“Rahu’s scorpion-like limb”, (which we have discussed 
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in 4 above). But there it was given as 25'. How has the 
limb grown into 26' here ? If this is meant here, it has 
been given according to T-S as an item in getting Rahu 
already, and that Rahu is taken in this chapter as ready 
computed. Why again this instruction ? 

14. The meaning of VI. 4 is: “Multiply (moon ~ 
node), which must be less than 13° for eclipse to occur, 
by 5. These are the vinadis that should be added to the 
total duration if the node is greater than the moon, and 
subtracted if less.” The purpose of this correction is to 
take into account the empirical correction of 1°36' 
mentioned before. In the computation of the duration 
in verse (3), 55' latitude is taken as the limit. This 
latitude has been computed according to III. 30-31 from 
the un-corrected Rahu, and is not what it would be if the 
empirical correction is made. Hence this correction, 
though rough. 

T-S give a wrong interpretation; T says that he does 
not understand the rationale, while S says that it is a 
correction for the changing velocity of the moon, not 
understanding how. In truth, the small change in the 
moon’s rate of motion during an eclipse will have practi¬ 
cally no effect on the duration, for it has to be noted that 
it is the lunar eclipse that is being dealt with here, and 
that there is no question of change due to parallax. 

15. In VI. 5. T-S propound two extraordinary 
things in their explanation : (i) The maximum latitude 
of the moon is 240', which is against what they themselves 
have said in III. 30, as 270'. (ii) If moon ~ node is 10° 
there is total eclipse, while actually it is 5°, giving 21' 
limit in latitude. 

16. In VI. 7, the points of first and last contacts on 
the moon’s rim, with respect to the ecliptic east-west is 
given. If (moon ~ node) is zero, these are due East and 
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West points. If (moon ~ node is 13° it is due North or 
South, as the latitude is South or North. If (moon~ 
node) is from 0° to 13°, the quarter-rim from East' or 
West points to the North or South point is divided into 
13 parts, one for a degree, and the number of parts from 
East or West points equal to the difference in degrees, is 
taken. This is a rough rule and considered satisfactory 
as far as this Siddhanta is concerned. But T-S do not 
understand the instruction, and bring in Valana here, 
which is treated later. But T actually says: “ We do 

not know the reason for direction given in stanza 7 to 
divide each quarter circumference into 13 parts.” It can 
be easily guessed from the 13° ecliptic limit. 

17. VII. 2-4 contain the parallax in latitude required 
in the computation of the solar eclipse to correct the 
moon’s latitude, and given in the form of a correction to 
Rahu. The obscurity has been cleared by the present 
writer elsewhere.’ 1 

18. In VIII. 11; the Romaka gives a correction to 
the declination of the nonagesimal, since the correspond¬ 
ing point on the moon’s orbit should be taken instead of 
the nonagesimal, which is on the ecliptic. The instruc¬ 
tion is : “ Twice the tabular sine of (nonagesimal ~ 
Rahu) plus l of itself, is to be applied as correction to 
the declination of the ponagesimal.” This will agree 
with the 280' max-latitude of the moon given in verse 14, 
since (2X120')-|-2X120'X&=280'. But T-S make it 
240' unnecessarily, by carrying out unwarranted emend¬ 
ations. 

In (14) the latitude of the moon is given by the rule 
“Multiply the tabular sine of (moon ~ node) by 21 and 


1. See T. S. K. Sastri, ‘A historical development of certain Hindu 
astronomical processes’, Indian Jl. pf History of Sciences, 4 ii 
'1969) 114-J5. (pp. 46-75 in this book). 
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divide by 9". T-S also give this rule. Still they do not 
see that this would make the max-latitude, 120'X^ L = 
280', but assume 270', and arrive at the strange conclusion 
that the multiplication by ^ is approximate! They do 
not realise that in verse 11 too it must be 280', and their 
240', got by their emendation of the text is wrong. 

19. In VIII. 4 giving the Romaka mean moon, the 
ksepa must be 10984, deductive, given by kftastanava- 
khaikavarjitat, and not the one given by T-S as 1984. 
My reading will keep the mean moon at epoch in its 
correct place 356° 12', while T-S make it 359° 19'. Their 
value will take the Tithi earlier by a quarter of a day, and 
spoil the agreemtnt with all other Siddhantas, and 
modern astronomy also. In addition, this will disagree 
with the ksepa for avama, 514, given in 1.10, in getting 
the days from epoch according to the Romaka. 

20. IX. 15, the Saura sun and moon’s ‘orbits’ 
required in eclipse work, are given. The meaning is, 
“The true hypotenuse of the sun (given in 14) multiplied 
by 5347 and divided by 40, is the sun’s ‘orbit’. The 
moon’s true hypotenuse (given in 14) multiplied by 10, is 
the moon’s ‘orbit’.” T-S give the divisor 120 in the place 
of 40, and the multiplier 3 in the place of 10. According 
to all Hindu astronomical works, as also the original 
Saura, the mean ratio of the sun’s orbit to the moon’s 
must be the Moon’s yuga revolutions divided by the 
sun’s, =2406389 - 180000 (see I. 14) = 13.37. Here 
according to my meaning, the ratio got is, (120X5347^ 
40)^-(120X 10)=13.37 exactly. But T-S’s corrections will 
make it, (120x5347^-120)-(120X3) =14.86 which is 
absurd. 

21. IX. 16 gives the true angular diameters of the 
sua and the moon according to the Saura. The meaning 
iS : “Divide 514787 by the true ‘orbit’ of the sun (found 
in 15) to get the sun’s true angular diameter. For the 
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divide 38640 by its true ‘orbit’.” To agree with 
(15), there should be only six digits in the dividend for 
the sun, and five digits in the moon’s. But T-S make 
them seven and six, respectively, and use the numbers 
5147080 and 333640, by wrong emendations, and get 
thirty times what the angular diameters would be, and 
are dismayed by the result, saying, “But 962.6 can 
represent that quantity, (i.e., the angular diameter) only 

if it be divided by 30.For some reason or other, the 

text, provided it be correct, does not mention the divisor 
30. The rule for finding the true diameter of the moon 
is analogous, and we there also miss the mention of the 
divisor 30,” 

22. In IX. 22, Saura’s Parallax in longitude is given. 
The work given here is : “ Square the R sine of altitude 
given in (21) and subtract from 120 s . From the remainder 
subtract the square of the sun’s dfk§epa (got in 20). 
Take the root, etc.” Here T-S say that 120“ minus 
R a sine 8 altitude should be deducted from the square of 
the dfksepa and the root taken, not realising that the 
square of the drksepa will always be less then 120 a minus 
R* sine 8 altitude. 

23. In IX. 27, a very important correction to the 
duration of the solar eclipse found in (26), and thereby 
to the first and last contacts, is given. T-S have missed 
it, and give something unrelated to the point. Now, 
other things being the same, the nearer the solar eclipse 
is to noon, the longer is the duration. It is this that is 
taken into account in this stanza. The meaning is: 
“ Find the parallax in longitude for the moment of first 
contact (found in 26). Deduct from this the bending of 
the moment of new-moon (i.e., the correction of the new- 
moon for parallax) already found, or vice versa. The 
remainder should be added to the duration. In case the 
moment of new-moon and the first contact are, one In . 
tiie forenoon and the other afternoon, the above two 

15 
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parallaxes should be added, and the sum-added to the 
durat ion. The same should be done for the last contact, 
(r e. in thfe above, substitute last contact for first contact, 
and do the work).” 

24. In XVIII. 1-2, the preliminaries for Venus 
according to the Vasistha are given. The meaning is: 
“Subtract 147 - Really it is 167 and 147 is due to a scribal 
error - from the days from epoch. Divide by 584. The 
quotientare the risings of Venus. The motion of Venus 
for each rising is 7 Rasi 5° 30' 20", Venus moving on 
to 26° of Kanya, i.e., 5 Rasi 26° goes to its first rising 
(after 30 days). To the remainder above, add days equal 
to j\ of the number of risings gone. The motions during 
each cycle are given, (for the days remaining).” 

T-S here change gundptaih into gundthiaih, and thus 
introduce into the correct motion an error of 10| 
minutes of arc per cycle, when even the difference 
between one Siddhanta and another does not exceed one 
minute of arc. They have also changed kanydmidn into 
kdldtnsdn and shut out the ksepa for the beginning of the 
first cycle, as they have in the case of the Paulisa Rahu, 
and the Vasistha moon, already referred to. It is to be 
noted that kaldmsa is meaningless when applied to 
motion. It is the interval between the rising or setting 
sun and the planet, (here Venus), in time-degrees and for 
Venus it is 8° to 10°, and never 26°. 

25. In the computation of the vasistha, Jupiter and 
Saturn following, VM gives a method similar to that 
given for the \ asistha moon, using the technical terms 
ghana, gati, and pada. As in the case of the moon, here 
too, I -S have not understood the nature of the work, and 
have.given wrong interpretations. 

26. The last eighteen dry as of the work, purporting 
to:'deal with the Paulisa star-planets, are spurious, and 
not V M’s, for-which there are strong internal evidences; 
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Stanzas 61, 62, 63, patently close, not only the, chapter, 
but the whole work, which can be seen from ,the words, 

dvantyakah Vardhamihirah .. tdrdgrahakdrikdJantrqm 

cakre, and after criticising certain astronomers, occurs, 
il drsiam Varahamihirena sukhaprabodham, in which the 
changed metre itself shows that the work has come to a 
close. In dfstani etc., the next three feet are missing, 
and I feel that it is a purposely done blackout, to 
obliterate sure signs of the closing of the work, and it 
must have been done by somebody at a later time, with 
a view to append the next eighteen ary as and pass them 
off as VM’s. It is to be noted that if the eighteen aryds 
also belong to the work, then the work would be without 
the customary completion. 

These eighteen aryds form a second set of rules, of 
which the first two stanzas form a new salutation and 
introduction. It avers that V M considered this to be a 
superior work, and that with a liberal heart he gives this 
to the world. And these stanzas are just worthless stuff. 
The rules completely neglect the equation of the apses, 
and therefore what are given, are only the mean. 
geocentric positions of the planets. That explains the 
boasted simplicity of these rules. But what is it worth ? 
How on earth can it be styled superior, on which VM is 
said to take pride and pass them on to posterity, a thing 
which even a novice can do ? Fancy VM, who says in 62, 
“Let people, who have been discouraged by the 
inaccurate Mars of Pradyumna, Jupiter of Saura and 
Mercury of Vijayanandi, have recourse to this part of the 
manual.” Fancy VM giving this second set, which gives 
mean, i.e., incorrect, results instead of true, i.e., correct 
results. Further, in Mercury arid Venus given in this set, 
there are mistakes which one cannot presume to have 
been committed by VM. 

T-S do not say anything about the possibility of thus 
being an interpolation, because they themselves say, 
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(vide Introduction pp. xlvi-viii), that they do not 
understand it. They are perplexed at the strange and 
apparently incorrect constants appearing, and T is very 
sore that this is atributed to the Paulina, which he 
cherishes. He cannot emend the constants into his 
desired values, because they are “checked and found 
correct’’ in the work itself. But actually they are no 
more strange than familiar friends in different dress. 
Thus: instead of using the days as unit, the author uses 
the time taken by the mean sun to move one degree as 
the unit of time, and asks us to call this ‘day’. This is 
nothing strange because Hindu astronomers de fin e what 
they call a ‘solar day’ thus, and this is distinguished from 
the sdvana or civil day, equivalent to the mean solar day 
of our daily parlance. For certain given periods the 
planets move stated amounts of degrees forwards or 
backwards relative to the sun. Therefore, if the sun is 
known, we can get the planet by adding or subtracting 
the degrees. Thus, knowing the sun is a desideratum. 
So, the author gives the synodic periods in his new units 
of ‘solar days’ instead of ordinary days, because that will 
be conducive to uniformity and convenience, and, for 
the same reason, the period of the motions are also given 
in the same units. We shall now convert the author’s 
synodic periods into civil days : For 360 solar days there 
are 365-15-30, (this is the Paulisa year), ordinary days. 
So we have: 


Planet 

Solar days 
given 

Civil days 

The period 
according to 
Vdsistha 

Mars 

768| 

779-58-43-26 

779-57-19-0 

Mercury 

114 2 b 9 

115-52-30-12 

115-52-45-0 

Jupiter 

393} 

398-53-7-3 

398-53-20-0 

Venus 

575} 

583-54-21-43 

583-54-32-44 

Saturn 

372| 

378-6-36-4 

378-6-0-0 
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It is seen that the agreement is close, and the 
difference is not greater than that among the SiddhSntas 
themselves. 

It may be pointed out here that only the more 
important misinterpretations have been dealt with in this 
paper. The omissions and misinterpretations in chapter 
II, have been dealt with exhaustively in the author’s 
paper on 'VSsiitha sun and moon’. 1 A more detailed 
explanation of the items treated above, besides many 
more points less important but still deserving notice, 
has been given by the present writer in his exhaustive 
commentary in Sanskrit and translation, of PS prepared 
by him for the Institute of Astronomical and Sanskrit 
Research, New Delhi. 


1. See Journal of Oriental Research. 25 (t 955*56) 19-41. (pp, 
1-28 tn this book). 
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THE MAIN CHARACTERISTICS OF HINDU; 
ASTRONOMY IN THE PERIOD CORRESPONDING 

TQ PRE-COPERNICAN EUROPEAN 
ASTRONOMY 

1. The System of Measuring Longitudes 

One characteristic of Hindu Astronomy is that from 
time immemorial it has been following the sidereal system 
instead of the tropical system. From the earliest 
Rgvedic period of their history, the Hindus have been 
following a lunisolar calendar. The lunar month, which 
is the period between two conjunctions (or oppositions) 
of the sun and moon, was observed as a natural unit of 
time, and used to measure time. It was also discovered 
that another natural unit, the year, in which the seasons 
recur, contains twelve of these months and about eleven 
days more. Continued observation showed that nearly 
once in twenty-seven days, the moon came practically to 
the same point in its path, marked by certain stars and 
star-groups, twenty-seven in number, Citra, Svati, Visakhd 
etc., each one roughly corresponding to one day. The 
twelve lunar months were named after certain of these 
asterisms, selected for their suitability, at or near which 
the full moons occured, like Caitra, Vaisakha etc. When 
the full moons of the lunar months receded too far away 
from the asterisms to which they were assigned, by the 
eleven day defect of the lunar year accumulating, an 
extra month was given to the year, in order to bring them 
back to their assigned asterisms. This automatically tied 
the lunar year to the solar sidereal year, and has ever 
been keeping the names of the months Caitra etc., 
meaningful. Why sidereal and not tropical, it may be 
asked. The asterisms mark fixed points on the zodiac. 
(We neglect here their proper motions), and the opposi- 
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tions, (and thereby also the conjunctions) df the moon 
With'the sun, being associated with these fixed points, 
make the periods of the moon or the sun once round the 
zodiac, sidereal. 

It is true that the solar year, conceived through the 
coming round of the seasons, is tropical, i.e. equal to the 
time taken by the sun to move once round the movable 
zodiac from equinox to equinox, made shorter than the. 
sidereal year by the precession of the equinoxes. But 
the difference is so small that hundreds of years would 
have to pass before it would be observed. Indeed, during 
the long Vedic period itself the difference was observed 
at long intervals, and since the seasons occur earlier and 
earlier in the sidereal year in the course of time, earliar 
and earlier new moons or full moons were enjoined by 
the vedic seers for the rituals depending on the seasons, 
like “caitrasya amavdsya ”, “caitrasya purnimd > ’. 

“phalguna amdvdsya” “phdlguna pdrnimd ” etc. This 
itself shows that the sidereal year was taken for granted. 

This is confirmed by the fact that in the period 
immediately following, the Vedanga Jyotisa (V.J.) (c . 
1200 b.c.) was based on the sidereal system. It divides the 
zodiac into twenty-seven equal asterismal segments, with 
the twenty-seven asterisms roughly corresponding to each, 
and says that in one year the sun traverses these twenty- 
seven asterismal segments, and in five such years, (called 
a yuga), the moon makes 67 such revolutions, with the 
result that there are 62 lunar months in it, two of them 
being intercalary. The V. J. also says that the zero-point 
of this sidereal system was at the beginning of the 
Sravisthd segment, where the winter solstice was declared 
to be situated at that time. Earlier, during the vedic 
period, we have evidence that the zero-point was taken 
to be situated near the Orion, and then near Rohinl and 
then again at Kfttikd at successive periods, where the 
spring-equinox was situated at those periods. 
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The V. J, was intended to provide a scheme for a 
religious and civil calendar, which purpose it could serve 
excellently, provided an intercalation was dropped now 
and then on actual observation. We are sure that this 
was done, so that for more than a thousand years 
afterwards, even during the period of the astronomical 
samhitas, when the winter solstice had receded to the 
first point of Sravana the zero-point was still taken to be 
Sravisthti, and predictions made. Only the Jain and 
Buddhistic astronomical works took the reality of the 
situation into consideration, and shifted the zero-point 
of their sidereal system to Sravana. 

About 570 a.d. the vernal equinox was very near the 
first point of ASvini, near Zeta-piscium, and the siddhdntic 
astronomers took this as the zero-point of their sidereal 
system, in which the position of the sun, moon and 
star-planets among the 27 asterismal segments was 
sought to be found, and their periods were intended to 
be sidereal. Excepting the Vaiisthasiddhdnta of the 
Pancasiddhantika which used a rough year of 365J 
days, and the Romaka of the same, which followed the 
tropical system accepted to be foreign, all other siddhantas 
give a sidereal period for the sun in the neighbourhood of 
365-15-31, (while the actual sidereal period is 365-15-23),. 
so far removed from the tropical that it borders on the. 
anomalistic, though intended to be sidereal. The result 
is that the zero-point has processed at the rate of about 
a degree per 420 years, and is now forward by more 
than 3°, creating all sorts of confusion in fixing the 
ayatiamia (i.e. the distance between the Hindu zerq-point, 
and the Vernal equinox forming the zero-point of 
modern astronomy). Consistent with this processing of 
the first point, all Hindu astronomers have given in 
general longer sidereal periods for the moon and the 
planets and the moon’s apogee, and a shorter period for 
the.moon’s nodes, and larger rate of precession. In com¬ 
paring the Hindu sidereal periods and rates of precession 
with the modern ones, this should be borne In mind, 
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Thus it will be seen that throughout in Hindu 
astronomical history, the sidereal system has been in use, 
implicitly in the vedic period, and explicitly from the 
time of the V. J. onwards. I have made this discussion 
a little elaborate, because for various reasons, (like 
astrology and modern convenience) some people have 
wished that the Hindu system be tropical, and so have 
asserted that it was tropical during the vedic period, 
(and according to some even in the later classical period) 
and tried to distort history instead of looking facts 
squarely in the face. 

Another thing must be mentioned here. Recently 
some people have expressed the novel idea that the 
Hindu longitude is polar, i.e. the great circle arc joining 
the celestial pole, (as distinguished from the pole of the 
ecliptic), and the moon or planet is projected on the 
ecliptic, and the longitude of this point measured from 
the first point of Aivini is given as its longitude by the 
Hindus. But no siddhdnta or kararia says so. They give 
the polar longitude for a specific purpose : For the sake 
of astrological predictions the moon, sun and planet’s 
conjunction in polar longitude is given. This is also 
given to check their correctness in position by comparing 
them with the polar longitudes of the stars. For this 
purpose most siddhdntas give the co-ordinates of the stars 
in polar longitude readymade, and this has misled these 
people. Commentators have all made this point clear, 
not to speak of the texts themselves. 

In contrast to the Hindu system, western astronomers, 
like the Egyptians, Greeks and Romans, very early 
adopted the tropical or seasonal year, on which essential 
civil activities like agriculture depend. When would 
Father Nile bless them with his yearly floods, was the 
problem of the Egyptians, and seasonal effects would be 
more marked in regions of higher latitudes like Greec? 

16 
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and Rome. On the other hand the asterisms, and the 
days and months occurring with these at full or new 
moon, became sacred to the Hindus even in the vedic 
period, and important religious rites like dariapurnamdsa 
on these, and so the sidereal calendar, originating in the 
way we indicated, has persisted, requiring the sidereal 
system of longitude reckoning, so much so that even the 
rituals depending clearly on the tropical year, later came 
to be fixed according to the sidereal calendar by the 
Dharma Sdstras. 

2. Cycles in Yugas and Kalpas 

In order to give the revolutions of the sun, moon 
etc., and of their apogees and nodes in whole numbers, 
and at the same time secure sufficient accuracy, the 
siddhantas have used long periods called the yuga and 
even vastly longer ones called the kalpa. The yugas and 
kalpas are not equal in duration for all. There are four 
main schools of siddhantins in this respect (1) The Old 
Surya Siddhdnta condensed by Varahamihira used perhaps 
a yuga of 15779178C0 days. Aryabhata’s ardhardtrika 
system clearly had this number, and following it, the 
Khanda khadyaka. A PaulUasiddhanta, quoted by 
Bhattotpala in his commentary on the Brhatsamhitd 
belongs to this school. We do not now whether this 
school had a kalpa, nor how long it was. 

(2) The School of Aryabhata, represented by his 
Aryabhatiyam, has a yuga of 1577917500 days. This 
divided into four equal sub-ywga^ Krla, Treta, Dvapara 
and Kali. 1008 yugas make a kalpa. (3) The 
Visnudharmottara School has 1577916450 days for the 
yuga. The Brahmasphutasiddhanta and the Siddhdnta 
Siromani belong to this school. The length of the sub- 
yugas are in the ratio 4: 3: 2: 1. One thousand yugas 
make the kalpa. (4) The later or new Surya siddhdnta 
has 1577917828 days for the yuga. A number of new 
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siddhantas like the Soma, the Brahma, the Vyddha Va&Utha, 
the (new) Romaka etc. belong to this school. The sub- 
yugas are in the ratio 4:3:2: 1, and the kalpa equal to 
1000 yugas. But the revolutions begin, not with the 
beginning of the kalpa, but 3.95 yugas later, when 
according to these the creation of the planets was 
completed. 

The same number of revolutions per yuga for the 
sun, is given by all schools. Excepting school no(3) 
all other three give the same number of yuga revolutions 
for the moon also viz. 57753336. No. (3) gives 57753700. 
As for the revolution of the other planets, the four 
schools agree or disagree with one another in various 
ways. It must be noted that even if two schools agree 
in the number of revolutions of a particular body, the 
body cannot have the same period, because the yuga days 
are different. This is natural, and must be expected, or 
else what is the distinction between the schools ? 

In spite of the above mentioned various differences, 
all schools take almost the same point of time as the 
beginning of the Kali sub-yuga. Schools (1) and (4) take 
the mean midnight at Ujjain, February 17/18, 3102 b.c. 
beginning Friday, as the beginning of Kaliyuga, (the Kali 
epoch), while the other two schools take the time of mean 
sun-rise following six hours later, as the point at which 
Kaliyuga begins. (This would mean that the yugas and 
kalpas according to each may vary with regard to the 
times of their beginning by several years, and even yugas, 
inspite of the popular feeling that they do not differ, but 
occur at the same point of time.) 

Further all schools agree that the mean sun and moon 
is at the zero point of Aivini at the above mentioned 
Kali epoch. Excepting school (3) the others are also 
agreed that the mean planets too are at that point at the 
epoch, and that the moon’s apogee is 90°, and the node 
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180° from that. What are we to understand from this? 
Are we to think that at such an ancient date as 17/18, 
February, 3102 B.c. the Hindu astronomers gave this 
result as got from their observations ? Or was this point 
of time fixed by some later astronomers as a convenient 
epoch for starting their calculations, and followed by all 
the later siddhantins ? The former alternative cannot be 
accepted, because the mean sun, moon and planets were 
not the same but differed widely from one another, nor 
were they at zero Asvint as calculated by modern 
astronomy for that epoch. Scholars like Bentley first 
conceived this idea of verification by calculation. Bentley 
showed that starting from the epoch and working by 
each siddhanta the error gradually became less and less, 
until at the time of the siddhdntas the error became a 
minimum, as must be expected. Thus he proved that 
the second alternative was the correct one, and that the 
Kali era starting from this epoch, was an extrapolated 
era, founded by the astronomical siddhantins. 

Before this was done by the astronomers, the 
concept of the four sub -yugas Kyta etc ., was a vague one. 
without any definite number of years attached to them. 
The concept of the yuga itself had arisen in the vedic 
times, and was perfected in the Veddnga Jyautha period, 
the idea being that at the beginning of every yuga, 
consisting of five solar years, the sun and moon came 
together at Sravisthd where the Winter Solstice was 
situated at that period. At the time of the jyautha 
samhitas a larger sixty year yuga was conceived, in which 
not only the sun and the moon, but also Jupiter met 
together at a given point in the zodiac. (The Romaka- 
siddhdnta of the Pancasiddhantikd gives a lunisolar yuga 
of 2850 years of which the famous Metonic cycle is the 
150th part. ( P. S. I, 15). The Suryasiddhdnta condensed 
in it gives a lunisolar cycle of 180,000 years (P. S. I, 14). 
We do not know whether these were of the original 
siddhdntas themselves, or Vardhamihira gave them as 
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fractions of the original, for convenience). Then the 
idea of a larger yuga was evolved, at the end of which 
the other planets also came together with them, and 
repeated their motions. Along with this concept of a 
very long yuga arose the idea that the first part of the 
yuga was a golden age, the second not so very good, the 
third passable, and the fourth bad, an idea naturally 
occurring in the minds of ancient peoples. The names 
Krta, Tretdi Dvdpara and Kali, used for very good, 
good, passable, and bad throws of dice, current from 
vedic times were borrowed and given to these sub-.ywgtf.s. 
But no definite periods were attached to them, until the 
astronomers used the concepts for their own purpose, 
giving a definite number of years to them, as we have 
seen, and fixing the beginning of Kali as an important 
epoch. The vagueness of the original concept can be 
inferred from various incidents of different times being 
taken as occurring at the beginning of Kali, by different 
ancient authorities. For example, the astronomical Kali 
is accepted by most purdnas and given as the date when 
Krsna left off his mortal body, and ascended to heaven. 
But certain other traditions give the first coronation of 
yudhisthira at Indraprastha, others the Mahabharata war, 
and yet others the abdication of Yudhisthira and starting 
on the mahdprasthana, as the starting point of Kali. The 
Jain and Buddhistic writers take a period 468 years after 
the astronomical Kali as the time when Yudhisthira lived 
and established his Yudhisthira era (corresponding to 
2634 b.c.) Varahamihira. and following him Kalhana, 
state that the Yudhisthira era began in 2449 b.c. While 
the Sakalya Samhitd and the Matsyapurdna say that the 
Saptarsis were at Krttikd at the beginning of Kali, the 
Garga Samhitd and other purdnas say that they were at 
Maghd at the beginning of Kali. Thus there is a 
difference of about 700 years in the times given by them 
for the Kali epoch. Thus we see that the early 
astronomers fixed the Kali epoch arbitrarily, as a 
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convenient starting point for their calculations, and 
others accepted and followed it. 

3. The Concept of Precession of the Equinoxes 

In most Hindu siddhantas the precession of the 
equinoxes has been given as oscillatary about the fixed 
first point of ASvim and not as a continuously regressing 
phenomenon, which it is. The later Suryasiddhdnta says 
that there are 600 such to and fro full oscillations in the 
yuga, i.e. the period of oscillation is 7200 years. 
According to this the equinox coincided with the First 
Point of Aivinl at the Kali epoch. During the first 1800 
years of Kali it uniformly moved forward by 27°, i.e. to a 
point 20' beyond Bharam&nd then in the next 1800 years, 
i.e. at 3600 Kali, (corresponding to 499 a.d.), it regressed 
to the First Point, and from that time on is continuing 
the regression till in 2299 a.d. it will stop at 27° behind 
ASvim and begin moving forward again {Su. S. III. 9-10). 
From this we can also see that the rate of motion is 
3° per 200 years. Some works give the amplitude of 
oscillation as 24° instead of 27°. Some like Munjdla 
quoted by Bhaskara II, give the phenomenon as 
continuously regressing and making 199669 revolutions 
in a kalpa, i.e. about 22000 years per revolution, giving 
a precession of about V per annum. The earlier 
Siddhantins like Aryabhata I and Brahmagupta do not 
mention any motion of the equinoxes. But Bhaskara I, 
a senior contemporary of Brahmagupta and follower of 
Aryabhata, discusses it in his Aryabhatiya Bhasya, 
(pp. 174-76 of R 14850, Oriental Mss. library, Madras), 
mentions the Romakas who assert there is precession, 
characterises them as people who do not know the truth, 
(,aviditaparamdrthah) and dismisses their view saying it is 
a temporary and unnatural phenomenon of the nature of 
a portend. But Varahamihira who came before him and 
just after Aryabhata, is more positive and says, ( P.S . III. 
21, 23 Br. S. Ill 1-2) “Certainly in the ancient times the 
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Winter Solstice was at Sravistha and the Summer Solstice 
at the mid-point of Ailesd as mentioned in the earlier 
Sastras, (like the Vedanga Jyotisa). Now they are at the 
beginning of Makara raii and Karkataka rail respectively. 
If they have moved away even from these points at a 
later period, the amount of this unnatural change can be 
found out by observation of the sun’s shadow and 
examination.” Not knowing the rate of precession, he 
does not mention calculation for this purpose. For the 
matter of that even Bhaskaracarya II, advocates finding 
the amount of precession by observation, since there is 
difference of opinion among the siddhantins about the 
rate of motion. Earlier than Varahamihira, excepting 
the Romaka which is clearly of foreign origin, no Hindu 
astronomical work mentions precession, though its effect 
on the seasons was observed even in the vedic times, as 
I have already mentioned. Even the shifting of the 
Vernal Equinox from Mrgaiiras to Rohinl, and from 
Rohinl to Kfitika, had been observed in the Vedic period. 
But this had not resulted in the idea of the tropical year 
as such, as distinguished from the sidereal year, so strong 
was the hold of the sidereal year upon the astronomical 
and calendric system of the age. This must be the reason 
why, even after knowing the continuous motion of the 
equinoxes, they considered the phenomenon oscillatory, 
i.e. something temporary which would rectify itself by 
an equal motion in the opposite direction. Even if a 
Munjala gives it as continuously regressing, it can have 
no value unless he had adequate reason to know it for 
certain (and he had no reason, it could only be a guess), 
for the real cause of the phenomenon, viz. the behaviour 
of the earth rotating like a spinning top in resisting the 
pull of the sun, moon and planets on the extra matter on 
its equatorial bulge, this was not known at that period. 

Another fact, also indicated earlier must be 
mentioned here. We have seen that the Hindu sidereal 
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year, being more than 8 vinadis longer than the correct 
sidereal year, the point of Aivinl itself has a progressive 
motion of more than 8" per annum. Since the correct 
precession is about fifty and a quarter Seconds, the rate 
of precession with respect to the Hindu First Point must 
be more than 58J, since the siddhantas advocate getting 
the precession by observation of the sun’s shadow. 
Accordingly, Munjdla and the later works give a rate of 
precession nearly equal to Fper annum, which is quite 
proper. It would be a mistake to suppose as far as 
ancient Hindu works are concerned that the nearer their 
rate of precession is to 50£" the more correct it is, e.g. 
it would not be proper to commend the Suryasiddhanta 
for its rate of precession of 54" per annum, on the 
ground that it is so near 5o£". 

4. The Eccentric and Epicyclic Theories of 
Planetary Motion 

From the time of the Old Surya Siddhmta , i.e. the 
one condensed by Varahamihira in his Pancasiddhantika, 
the eccentric and epicyclic theories have come to be used 
in Hindu astronomy in computing and geometrically 
explaining planetary motion. The ancient Vedanga 
Jyotisa gives only the mean sun and moon, and problems 
connected therewith, like the ending moments of tithis 
etc. Even these are rough, keeping in view the 
convenience of a civil calendar. But the religious rites 
like dariapurnamasa require the correct computation of 
things, like the day when the moon sets or rises 
heliacally. Certainly by long observations the ancient 
priests must have arrived at rules to rectify the positions 
of the sun and the moon got by the rough rules, so that 
at least for a few synodic revolutions forward, the 
heliacal setting and rising of the moon etc. were 
computed tolerably correctly. But even in the later 
Jyotisa samhitds like the Garga samhita we do not see 
rules for the computation of the true sun and moon, not 
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to speak of the planets. It is so in the Paitamaha 
siddhanta also (the one condensed by Varahamihira). It 
is in the Vdsistha siddhanta of the Pancasiddhdntikd that 
we see for the first time distinction made between mean 
and true sun and moon. A rough and empirical rule is 
given to get the true sun. The variation in the moon’s 
motion is recognised, but this is supposed to increase 
and decrease uniformly over its mean motion, during its 
anomalistic revolution, and the true moon is computed 
by arithmetically summing the varying motions, the 
excess or defect over the mean answering for the equation 
of the centre. Of course this cannot be very correct, 
since the variation is really with the cosine of the 
anomaly, and the equation of the centre is a function of 
sine anomaly. This was recognised and used in the later 
PaulUa and Romaka siddhantas, as seen from the 
empirical values given being roughly proportionate to the 
sine of the anomaly. This must have suggested that the 
equation of the centre is truly proportionate to the sine 
of the anomaly, and was accepted as such. 

A natural tendency would be to picture the motion 
by a graphical representation. Circular motion, the 
synodic revolution of planets, and the representation of 
the equation of conjunction of planets by circles, with 
which the astronomer’s mind was already familiar, readily 
suggested the epicycle, with its centre moving on a 
deferent, as a means of representing the equation of the 
centre, and this picture was adopted, as first seen in the 
Old Surya siddhanta. Very soon an exactly equivalent 
method of represention was discovered, viz. making the 
body move uniformly on a circle, called the eccentric 
circle, the centre of which is off the centre of the earth in 
the direction of the point of slowest motion, by a length 
equal to the radius of the epicycle. The Aryabhq.t%yam 
gives both representations. 

While both can give the same locus of the moving 
body forming the orbit of the body, the eccentric would 

17 
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seem more real, because in the former an imaginary 
non-physical mean body, moving on the deferent would 
not be acceptable to the mind, and would appear only as 
a devise to represent the effect of the equation of the 
centre graphically. This would mean that the distance 
of the actual planet from the earth’s centre called the 
manda harm (hypotenuse of Eq. cent) need not be taken 
seriously. This explains why most siddhantas like the 
Siddhanta Siromani do not use the karna in finding the 
equation of the centre. On the other hand the School of 
Aryabhata, on the plausibility of the motion of the actual 
body to be on the eccentric, has taken the representation 
more seriously, and used the karna in the epicyclic 
representation also, as being more logical. Incidentally, 
this would accord better with the actual orbit of the 
body, which is an ellipse. ■ The equation of the centre of 
a body moving in an elliptic orbit is of the form :-2e X 
sine anomaly+5/4e a xsine 2 anomaly—etc. where e is the 
eccentricity of the ellipse, and the anomaly is reckoned 
from the apogee (or aphelion). Taking the karna into 
consideration would give part of the second term also, 
while neglecting it would give only the first term. (This 
has been shown by me in the paper, ‘A Historical 
development of certain Hindu Astronomical processes,’ 
presented at the seminar of the Indian National Science 
Academy, held in 1968, and published in the Indian 
Journal of History of Science Vol. IV 1-2, 1969) (pp. 46- 
75 in this volume). 

A question may now be asked: as early as c. 225 
B.C. in Greece, Apollonius of Perga developed the 
theories of epicycles and eccentrics. The Old Surya 
siddhanta, using the epicycle, must be later and the 
Aryabhatiyam mentioning both theories, is certainly later. 
There is no doubt that there was contact between India 
and Greece from earlier times. Did the Hindu 
astronomers borrow these ideas from the Greeks, or did 
these occur to the Hindus naturally, as it had occurred to 
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the Greeks ? We cannot answer this question with 
certainty. But an independent origin in India seems 
more probable, when we see that the clearly western and 
earlier PaulUa and Romaka did not have either of these 
theories, that the Hindu constants were different and 
better in general, that there was already the analogy of 
representation of the equation of conjunction, which 
must occur to the astronomer naturally to explain the 
motion of the star-planets as seen from the earth, and 
that the Hindus, having already a theory of the variant 
motion in the form of the pull or repulsion of the apogee 
on the planet, required the epicyclic representation as a 
geometrical model, for which there would certainly be 
an urge. 

Before proceeding we must understand in terms of 
modern astronomy the meaning of certain Hindu- terms 
used in the context of planetary motion. Madhya graha 
is the mean planet in its own orbit round the earth, when 
applied to the moon. When applied to the sun it means 
the mean longitude of the earth round the sun, plus 180°. 
In the case of Mars, Jupiter and Saturn, it means their 
mean heliocentric longitude, and the longitude of the 
superior conjunction in the case of Mercury and Venus, 
the mean sun being that point. Slghra graha means the 
mean planet in its own orbit round the sun in the case of 
Mercury and Venus, and the superior conjunction in the 
case of Mars, Jupiter and Saturn, the mean sun being 
that point. According to modern astronomy, and 
correctly too, the equation of the centre is to be applied 
to the mean body in its own orbit round its central body. 
This will give the true longitude in the case of the sun 
and the moon, and the true heliocentric longitude in the 
case of the five planets Mercury etc. The equation of 
conjunction is then applied to these five planets, using 
the true sun to convert their heliocentric longitudes into 
geocentric longitudes. Any instruction given in Hindu 
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astronomy must in essence follow this procedure, or else 
the instruction would be wrong. 

Now, Hindu siddhatitas instruct what amounts to 
applying the equation of the centre, in the case of Mercury 
and Venus, to the mean sun instead of their own mean 
longitude, and this is wrong. Further instead of taking 
the true sun as the superior conjunction the mean sun is 
so taken. On account of these and the error in the 
equation of the centre itself, the computed true planets 
did not agree with observation, and various attempts 
were made to correct these errors, with very little success, 
since they rarely touched the real cause. For example, 
the Aryabhata and New Surya Siddhanta schools made 
the radius of the epicycles vary with the anomaly. Before 
applying the equation of the centre and the equation of 
conjunction, the Old and New Surya siddhanta schools 
made a preliminary operation, and applied ahalf-equation 
of conjunction and half-equation of the centre 
respectively, to the madhya of the planet. The Aryabhatiya 
varied this by instructing the half equation of the centre 
to be done first, and dispensing with it altogether in the 
case of Venus and Mercury. The Siddhanta Sir omani 
instructed full equation of the centre, and full equation 
of conjunction, for the prelimininary operation too, 
except in the case of Mars, where repetition of the whole 
set of operations is enjoined using half of both equations 
in the preliminary work. This disagreement among the 
siddhdntas itself shows that the preliminary operation is 
an unessential hotchpotch. 

We have said that the application of the equation of 
conjunction converts the heliocentric longitude into the 
geocentric. This can be readily seen in the case of 
Mercury and Venus (see fig). If the line joining the earth 
and sun be taken as unity, the sun being the planet’s 
mean longitude in these two cases, the epicycle of 
conjunction round the sun is the planet’s orbit and the 
radius of the epicycle is the distance of the planet from 
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the sun, taking the distance of the sun from the earth 
as unity. Since the ratio of the radius to the circumference 
in any circle is constant, the degrees of epicycle-t-360° 
will give the ratio of the distance of the planet to unity. 
(If the epicycle varies we can take the mean.) In the case 
of the superior planets, viz. Mars, Jupiter and Saturn 
also, since the application of the equation of conjunction 
converts the heliocentric planet into the geocentric, the 
geometrical representation must be true, which can be 
shown thus : Interchange P and E in the figure. This is 
a representation of the earth circling the sun, as seen 
from the planet, and the earth will be viewed always near 
the sun, even as Mercury annd Venus are seen always 
near the sun as viewed from the earth. By comparison, we 
can now see that if we take the distance of the earth from 
the sun as before, the degrees of epicycle -f- 360°, gives the 
reciprocal of the ratio of the distance of the superior 
planet from the sun to the distance of the earth from the 
sun. In the table below, these ratios are given. They 
can be compared with the correct ratios of modern 
astronomy given. 


Planet 

Modern 

Siddhanta 
Sir omani 

Old Surya 
Siddhanta 

New Surya 
Siddhanta 

Arya- 

bhatiyam 

Earth 

1.00 

1.00 

1.00 

1.00 

1.00 

Mercury 

.39 

.37 

.37 

.37 

.38 

Venus 

.72 

.72 

.72 

.73 

.73 

Mars 

1.52 

1.48 

1.54 

1.54 

1.54 

Jupiter 

5.20 

5.29 

5.00 

5.07 

5.16 

Saturn 

9.55 

9.00 

9.00 

9.11 

9.41 
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We see the agreement is fairly close, and the Arya — 
bhatiyam comes closest. If the Hindu siddhantins had only 
taken the geometrical representation more seriously, and 
if they had not been wedded to the geocentric hypothesis 
so strongly, they could have noticed the correct ratios of 
the distances of the planets from the sun, and even 
postulated the heliocentric hypothesis, as Aristactus of 
Samos had done before, in c. 280 b.c. They would have 
also seen that their postulate of equal linear motion for 
all planets as well as the sun and the moon, is wrong. 
(The Hindus estimated the distance of the moon to be 
about 65 times the earth’s radius, fairly correctly by using 
the moon’s horizontal parallax. But they calculated the 
sun’s distance to be about 13.4 times the moon’s distance, 
since their postulate of equal linear motion is equal to 
postulating that the distances are proportionate to the 
periods of revolution. Really the sun’s distance is about 
390 times the moon’s. This enormous real distance was 
not realised even by Copernicus, who gives it as about 
25 times that of the moon. The Greek Aristactus of 
Samos had estimated it to be about 20 times, using a 
method ingenious but useless, on account of the 
impossibility of making correct measurements. According 
to the Hindu theory, Jupiter will be 12 times and Saturn 
29 times distant as the sun. Quite arbitrarily, they gave 
a distance to the stars, i.e. the stellar sphere also, as 60 
times that of the sun, and for the celestial sphere, 
4320000000 times, practically infinity. The distance they 
gave to the stars is one reason why they clung to the 
geocentric hypothesis, for they thought that if the earth 
moved round the sun there would be a large stellar 
parallax that could be observed, but no such parallax was 
observed. But in fact there are stellar parallaxes. On 
account of the stars’ enormous distances these are so 
small that only modern instruments can measure them. 
It was left for Copernicus to propound the heliocentric 
hypothesis anew. Whether it is the epicyclic theory or 
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the eccentric theory, whether it is the geocentric theory 
or the heliocentric theory, one is as good as the other as 
far as the result is concerned, and this was known to the 
ancients, both Greeks and Hindus. As long as the real 
reason why the sun should be considered the central 
body, viz. the strong pull it exerts over the other bodies, 
is not known, the only recommendation for the helio¬ 
centric hypothesis is its simplicity. But simplicity can 
masquerade as truth, and the simpler hypothesis can 
appear to the human mind as more real, for nature’s laws 
are characteristically simple. It should be noted that 
Copernicus, in propounding the heliocentric hypothesis 
in his ‘Revolutionibus Orbium Clestium published in 
1543 a.d., very carefully explained that he was adopting 
the theory only for its simplicity, for if he had not done 
so he would have lost his valuable influence with the 
Church, and might have had even to face the inquisition 
like Galileo later. 

5. The Concept of The Sidereal Day 

Hindu astronomy from the time of the Vedanga 
Jyotisa has conceived the sidereal day as being caused by 
the rotation of the stellar sphere round the earth from 
east to west, the time of one rotation being one sidereal 
day. Classical Hindu astronomy supplies a reason for the 
rotation, by assuming a wind called Pravaha in the upper 
regions, blowing the stellar sphere round. But Aryabhata 
seems to have felt that the same result can be obtained 
by assuming the earth to rotate on its axis, west to east. 
This can be seen from his Aryabhatlyam-Gitika (1), where 
together with the number of eastward revolutions of the 
sun, moon etc. in a yuga, he mentions the earth and the 
number of sidereal days in the yuga, (1582237500), as the 
number of its eastward revolutions. This is confirmed 
by his statement in Golapada (9): “Just as a man moving 
along in a ship sees the non-moving mountains moving 
in the opposite direction, so also the non-moving stars 
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seem to move directly westward in the sky above the 
equator.” But he seems to contradict himself when he 
says in the very next verse, “Being blown by the Pravaha 
wind for the sake of rising and setting, the stellar circle 
moves westward above the equator at the rate of V per 
prana (i.e. 4 seconds of time). In Gltika (4) too he says, 
“The star moves V per Prana.” How are we to resolve 
the contradiction ? His successors, even from Bhaskara I 
onwards have taken the latter as his own view, and 
interpreted the former so as to agree with the latter. 
The stock argument of the generality of astronomers 
against a rotating earth, (like the impossibility of birds 
leaving their nests reaching them again) seem to have 
made them interpret Aryabhata thus. But it seems that 
the former is Aryabhata’s conviction and the latter is 
what he gives as a parvapaksa, i.e. the opinion of others, 
in the exceptional Sutra style. For Brahmagupta, 
following only a century after, in the dusanadhyaya of 
his siddhanta condemns Aryabhata for holding this view 
of a rotating earth. He even reads Gltika (4) as 
Pranenaitikalambhuh meaning, “ The earth moves V per 
prana”, and probably this was Aryabhata’s original 
reading. Further whom were the generality of astronomers 
condemning, if it was not Aryabhata and people like 
him? Thus the scientific mind of Aryabhata, always 
seeking simpler assumptions, must have arrived at the 
view that the rotation of the earth is simpler to assume, 
like the Greek, Heracledes of Poutus before in c. 350 b.c. 
But he could not have borrowed this idea from 
Heracledes since the latter’s view had died out even in 
Greece long ago. 

6. Certain Specialities in the use of Trigonometry 
in Astronomical Work 

In Hindu astronomy, trigonometrical functions came 
to be used only after the time of the Paulisa siddhanta 
condensed in the Pahcasiddhantika. Upto the time of the 
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samhitas and Paitamahasiddhanta there was no need for 
them, when only mean planets were given and rough 
rules to compute the shadow, lagna, time, etc. were 
considered sufficient. The later Vashthasiddhanta found 
the equation of the centre as mentioned before by an 
arithmetical summation. To get the point of contact in 
the lunar eclipse, it used the related degrees of angles 
themselves instead of their sines {P.S. VI. 7-8). The 
Pauliia also does not seem to have used the sine etc. 
Here, in the case of the sun, empirical values for 30°- 
intervals are given to make it true. Its moon is common 
with’that of the Vdsistha. To find the moon’s latitude it 
uses the degrees of argument of latitude, instead of its 
sine, though this is not explicitly stated. In dealing with 
the solar eclipse in chapter VII. 2-4, three rules are 
given to represent the parallax correction for latitude as 
a correction to the moon’s nodes, and in all, degrees are 
used instead of their sines as multipliers. Only in one 
place, (VII. 1), is the sine used to correct the time of 
conjunction in longitude for parallax. But this is most 
probably Varahamihira’s own, to secure tolerable 
accuracy. The same verse occurring as VII. 9, in connec¬ 
tion with the Romaka, confirms this. As for chapter IV, 
where a table of R sines is given, and spherical 
trigonometrical problems are dealt with, that is the 
author’s own, and, if it must go with any siddhdnta , it 
must be the Suryasiddhanta there. We see evidence of 
the use of sines etc. from the time of the Romaka and in 
Suryasiddhanta mentioned above and the later classical 
works beginning with the Aryabhatiyam. 

As in modern trigonometry, the Hindus use the 
jydrdha or half-chord, calling it jyd, (a synonym of the 
word sinjini, from which the word sine is derived), unlike 
the Greeks who used the full chord. The Hindu genius 
which invented the place-value, decimal notation, and for 
its sake, the symbol zero, saw the convenience in using 
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the half-chord, and used it. But, instead of taking the 
radius as unity like the moderns, the Hindus measure it 
in certain natural or assumed units, so that the half-chords 
and arcs are measured in the same units. So, if the modern 
word ‘sine’ is to be used, the Hindu half-chords are to be 
called R sines. The Aryabhatiyam is the first extant work 
in which an R sine table is given. Aryabhata uses a 
natural measure, i.e., he takes the circumference to be 
21600 units, so that a minute of arc is the unit. Then the 
radius will be 3438 units, being the number of minutes 
in a radian. Many siddhdntas adopt this measure. But 
some, for the sake of convenience, assume an arbitrary 
value for the radius. For example, Varahamihira assumes 
it to be 120 units, because in all computations with R 
sines etc. R occurs as a multiplier or divisor. 

Usually the R sines are tabulated for intervals of 
3° 45', thus giving twentyfour of them in all for the 
quadrant. The Vatesvarasiddhdnta tabulates 96 R sines 
(plus two more near 90°), to secure greater accuracy in 
interpolation. With the R sine table, an R versine table 
is given by most siddhdntas , and R cosines are got by 
subtracting these from R, or taking the R sines of the 
complements. Aryabhata gives a geometrical construction 
to derive the R sine of |, when R sine 0 and its versine 
is known, by using the Pythagoras theorem, (Arya Ganita. 
11). This can be carried to a very small fraction of an 
angle where R sineQ is indistinguishable from R 0. He has 
used this to find the circumference of a circle, the radius 
being given. He says: When the diameter is 0000 units, 
the circumference is 62822 units, thus giving « -3.1416, 
which is correct to four decimal places. Varahamihira 
gives two formulae to find the R sines, ( P.S . IV. 2-5) of 
successive half-angles, and thence all the twentyfour, 
tabulated. Using the first tabulated R sine 7' 51", he 
could have arrived at n -3. 14, which is correct to 2 
places of decimals. Using the value of i?=3438, the 
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circumference being 21600, the New Suryasiddhanta could 
have founds =3.1414, and so also Brahmagupta using 
his radius. But all these three give what comes to 
« = 10 = 3.1623, so incorrect, it passes my comprehen¬ 

sion why. If, for ease of computation, the fraction 
2 7 2 -=3.1429 is simpler to use, and far closer to the 
correct value. The Aryabhatiya, Ganita. 12, gives an 
alternative method to compute the R sines, and the Siirya - 
siddhanta repeats it. It depends on the fact that the 
second differences' of the R sines vary as the R sines. 
But the constant divisor of the R sines, the number 225, 
seems to have been assumed empirically by a supposed 
identity with the first R sine. If it had been found from 
R sine (0-a), R sine Q, and R sine (Q + a), by calculation, 
they would have arrived at the correct 234. Bhaskaracarya 
has appended a whole section for getting the R sines etc. 
by various methods reminiscent of modern trigonometry. 

These R sines etc. are used in computing the equation 
of the centre and the equation of conjunction which 
involve the solution of plane triangles, and in solving 
spherical triangles, which occur in problems like finding 
the right ascension and declination, and the polar latitude 
and longitude of heavenly bodies when their latitude- 
longitude co-ordinates are known, as also in problems 
requiring the solutions of the spherical triangle SPZ, (S 
representing the position of the body, P being the pole 
and Z being the zenith), problems like finding the length 
of day-light, orient or meridian ecliptic point, amplitude, 
azimuth, zenith distance, and hour angle of bodies, from 
which shadow, time, etc. are found. But, instead of 
using the spherical triangle formulae directly, Hindu 
astronomy uses plane right angled triangles whose sides 
correspond to the sides of spherical right angled triangles. 
These plane triangles are formed by perpendiculars 
dropped on to the horizontal, prime vertical, and meridian 
planes, as the sides containing the right angle. These are 
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all similar to'theflght-angledtriahgle formed With the 
equinoctial shadow and the twelve-unit gnomon, as its 
base and perpendicular, since in all of them the latitude 
of the place is involved, and therefore in every one the 
corresponding sides and hypotenuse are proportional. 
These are eight in number and are called aksaksetras, 
the equinoctial shadow triangle being the archetype. 
Problems are solved using the proportionality of these 
triangles. Siddhanta Siromani, Ganita, Tripraina, 13-17 
.define these, and the Vdsandbhdsya thereon explains them 
exhaustively. From the earliest siddhdntas , viz., the 
Aryabhatiyam and the Pancasiddhantika, it is this method 
of solving spherical triangles that is used, and so it must 
have been developed by the Hindus earlier still, and is a 
special feature of Hindu astronomy. 
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THE vAsiSthA-PAULISA VENUS IN THE 
paNcasiddhAntikA of varAhamihira 

(Reprinted from Indian Journal of History of Science, 

Vol. XIV, No. 2, Nov. 1979) 

In 1889 Thibaut and M. M. Sudhakara Dvivedi (TS) 
edited the Pancasiddhdntika with translation and notes. In 
the XVIII chapter dealing with the star-planets according 
to the Vasistha and the Pauliia siddhantas, they have 
committed several serious mistakes, professing also 
ignorance of the meaning of several verses. In my 
paper, ‘Some mistakes and omissions of Thibaut 
and Sudhakara Dvivedi in their edition of the Panca¬ 
siddhdntika , presented at the First World Sanskrit 
Conference, 1972, ( VIJ . XI, 1973, Hoshiarpur), 1 I 
pointed out the errors without going into the details. 
About the same time, O. Neugebauer and D. Pingree 
(NP) brought out an edition of the Pancasiddhdntika. In 
that they have improved upon TS’s interpretation in some 
places, but committed worse mistakes in others. TS and 
NP have also failed to understand how the equation of 
the centre has been computed and applied to the equation 
of conjunction of Jupiter and Saturn. Since they must 
do something with the verses giving this, they have 
altered the verses in all sorts of ways, to yield what they 
thought the meaning might be. Even in the case of 
Venus, whose computation has been simplified by 
neglecting the small equation of the centre, they have 
committed several errors. I shall begin with the correct 
interpretation of the verses dealing with Venus, and 
point out their errors. 

Verse 1. hitva munijala (? jalamuni)candrs- 

dyu(n dyu)gapdd vedas fa-bhuta-hrtalabdhah | 
sukrodaya gunaptaih 

sardhah pancalino bhogafi || 


1. See pp. 102-117 in this book. 
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Verse 2. kanyamSah $a(n $a)dvimgati~ 

mitva Sukro'parepa yatphu(tyu)dayam | 
udayaikadat abha gan 

dinesu datva tatasta(sca)rah || 

1. Subtracting 174 from the days from epoch the 
quotient got by dividing the reminder by 584 are the 
heliacal risings of Venus. Its motion during the periods 
is 7' 5° 30' 20", each. 

2. Having gone to 26° of Virgo, i.e., at, 5 r 26°, 
Venus rises in the west (for the first time after epoch). 
Adding an eleventh of the quotient (given in verse 1) to 
the remaining days, the motions (are to be taken from 
the Table given in verses 3-5). 

(The translation is according to my emended text. 
Material emendations, which require explanation, are 
given with a question-mark (in brackets). Emendations 
of mere scribal errors are not). 

174 days after epoch, Venus rises heliacally in the 
west. We have emended munijala as jalamuni because 147 
will not agree with the longitude of Venus at rising given 
as 5 r 26°. If Venus is 5 r 26°, the sun must be 5 r 18°, to 
satisfy the 8° given for Venus’s heliacal rising in verse 58. 
But since at epoch the sun is in the neighbourhood of 
358°, it can be only near 4 r 25° after 147 days, i.e., 38° 
from Venus. After 174 days from epoch, the sun would 
be near 169° according to the Vdsistha-PaulisaJ This 
gives the elongation as 7° instead of the required 8°. 
But this small discrepancy can be put to an accumulated 
error in computing from the original. TS have not felt 
the need for this emendation because they have emended 
kanyamten into kdlamian and omitted the necessary 
ksepa , i.e., the constant equal to 5 r 26°, for beginning the 

1. ‘The epoch of the Romaka. Indian Journal of History 

of Science, 13 (1978) ii. 155-58 (vide infra). 
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motion. They have not understood the meaning of the 
word kaldmidn which they have brought in. It is the 
same as the 8° mentioned above, for Venus. NP have 
interpreted kanyam&dn correctly. But since they have 
kept 147 days to be deducted intact, they find a serious 
discrepancy expressed by them on page 124 of Part II. 
However they derive satisfaction from the fact that the 
September 10th position of the sun would agree with the 
time of Venus’s rising and their longitudes. This at least 
must have shown them that the rising takes place only 
more than 20 days later. They have made all sorts of 
unnecessary emendations, but they have failed to to this 
necessary one. 

We can infer from the instruction to add an eleventh 
of the quotient, that one synodic revolution takes 583^f 
days. In this period the sun has moved 1 revolution 
7 r 5° 30' 20" and Venus, 2 revolutions 7 r 5° 30' 20". From 
this we can infer that the sun takes 365-15-25 days for a 
sidereal revolution. From the methods given from the 
other planets also we can see that the sidereal period of 
the sun used is c. 365-15-30, which is an evidence for the 
system given here being connected with the Paulisa also, 
as in the case of the moon. 

TS have unnecessarily emended bhogdh into bhdgdh 
and taking sardhah to mean ‘together with’, instead of 
‘with half’, have given a motion of 7 r 5° 20' per synodic 
period. They are unware that this would make the 
sidereal year c. 365-22 days, so wrong. The error of 
10' 20" in Venus would accumulate by 1° every nine years. 

NP interpret Sardhah correctly, but take gundptaih 
to mean ‘with J degree’ and give 7 r 5° 50', which would 
make the sun’s sidereal year c. 365-3-0, so very wrong. 
By this the error in Venus would accumulate by 1° every 
5 years. 
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Next, the days for segments of motion in the synodic 
cycle are given by 3-5. 

Verse 3. saftitrayena vedagniyamayutam amiasaptatirp bhunkte { 
ardha (? artha) $ta [hair dva] vimiati (? trimScitam) 
virhiatyai ( tyd ) [vi] stri(tri ) bhis sapadanisam (? darthan) || 

Verse 4. vakram atas tithibhir dvau 

pancabhir evam tato'parastamitah | 
dasabhih praguditas syati nakhaii ca jaladhin rriitd {tan) 

gatvd (I 

Verse 5. anuvakri parigatvS 

viparitam astamaityaidyam{ndryam) [ 
sas(yamSapahcasaptatim itva ’parato bhrgur dftyah || 

3. In three periods of 60 days Venus moves 74°, 73°, 
72° respectively. In 40 days he moves 32° and in 17 
days, 5i°. 

4. From here retrograde motion (begins). In 15 
days these are 2°; in 5 days the same, i. e., 2°. Then, 
setting in the west, it rises in the east after ten days. Venus 
is in follow-up retrograde for 20 days, moving 4°. 

5. Then continuing the (direct) motion round, in 
the order of days and motions reversed, Venus sets in the 
east. Then moving 75® in 60 days, it becomes visible in 
the west. 

The argument to be used in the above table of 
motions are the days left over, together with the eleventh 
of the quotient, as mentioned. It can be seen that in my 
emendations of some of these I have done very little 
violence to the text. I have been guided in these by 
the actual motion that must have been observed, putting 
it to observational or other error, where the numbers are 
clear, but deviate from the actual. The ratio of Venus’s 
distance from the sun to the earth is c. ’12 as given by all 
Hindu and modern astronomy, and this I have used to 
Compute the segments of actual motion for comparison. 
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Table I 

Motion on the synodic circle {computed) 


Superior conjunction Retrograde begins 

Retrograde ends 

30d. 

37 

9d. — 2£° 

243d. 2>8° 

Rising West 

5d. —2i° 

Setting East 

6 Qd. 

740 

Setting West 

30d. 37£° 

60d. 

73° 

5d. —2|° 

Superior conjunction 

60d. 

68 J° 

Inferior conjunction 

Total 514d. 575J° 

27Jd. 

26*° 

5d. -3° 


12 Jd. 

• 9J® 

Ri ing East 


17d. 

70 

5d. -2£° 


6 d. 

1° 

9d. —2£° 



Another guide is that the days and motions from 
the superior to the inferior conjunction must add up to 
half of the whole, i.e., 292 days, and 287|°, since the 
equation of the centre has been dispensed with. 

72° motion for the third 60 days is about 4° in excess. 
For the next 40 days the motion has to be 36°, and I could 
have filled up the lacuna by [khaissat] instead of [khairdvd] 
tq get this. But the siddhanta seems to have compensated 
the earlier 4° excess by the 4° defect here, which of course 
is an error. From this we can see that the emendation 
of ‘dvimSat' into ‘trimtaf is necessary lest the motion be 
reduced to 26°, which is too small. 

Next, 1£° for 23 days is too too small to be correct. 
Further, the correct total of days and degrees clearly 
given by the numbers will be spoiled by this. So I have 
given the meaning as 5J° in 17 days, which fairly agrees 
with the actuality, by introducing a (vi) for the defect of 
two matrds and emending sapadam&am into sapdrdhdn. 

Since the motion is only 15' for the 6 days 
near the .-stationary point us seen in the actual, 'the 
19 
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siddhanta is justified in combining this with the —2° 13' 
for the next 9 days and giving —2° for 15 days. But, for 
the next 5 days, the motion is about — and not — 2°, 
and this is an observational error. For the 5 days forming 
the half period of invisibility till the inferior conjunction, 
the actual motion is about —3° but we are constrained 
to make it —2° for agreement with the other numbers, 
especially when it is left to be understood, no motion 
being given by the text. A glance at the comparative 
table will make everything clear. 

TS have made the serious mistake of thinking that 
the segments given begin with the superior conjunction 
instead of the rising on the west (vide the scheme given in 
the Sanskrit Commentary, p. 123). By the total of 610 
days, and 6l0£° given, they have given that the rising takes 
place 26 days after superior conjunction, passing 22J°, 
which is absurd because it should be 37£° in 30 days, i.e. 
half the time and degrees given for the time from setting 
to rising. They do not realise that this is the period of 
the quickest motion. Within the scheme they get the 77° 
for 85 days, by making a drastic change in the wording 
of the text. Further, for 85 days in that part, the motion 
would be more than 91°. Giving l£° for 3 days near the 
stationary point is wrong since it should be practically 
zero. —4° for 5 days in retrograde is too great. But 
they have given the same —4° for the 10 days in the 
ativakra region where the rate should be the greatest. 

As forNP they have correctly interpreted that in the 
three 60 day periods after rising, the motions are 74°, 73° 
and 72°, that from setting in the east and rising in the 
west there are 75° for 60 days, half before the superior 
conjunction and half after, and that near the inferior 
conjunction there are c 0 days of retrogression and —12°, 
halt of each falling on each side of the point, as given by 
the text. Adding these we can account for 250$° in 235 


57 1 MjdxrLtFTLLGJO-L 



vAsistha-paulisa VENUS 147 

days. Since we should get 287f’ for the 292 days from 
the superior to the inferior conjunction, we have still to 
account for 37J° in 57 days. This we must seek in the 
second half of verse 3. By some likely emendations 
we can secure this, as I have done. But NP have drasti¬ 
cally changed the text as 

artha$takavitjiSatyii vim&atyam[&ah/i]stribh!s sa pa da am, 

also sinning against prosody, and given only 28° for the 
27J days, after the third sixty-day period, and 14 ° for the 
next 3 days, thus, not accounting for 16° and 30| days. 

ardhastakavimialyo, cannot mean 27J, besides being 
an un-Sanskritic formation. Further, for the 27£ days in 
that part of the synodic circle the motion should be more 
than 26° and for the next 3 days, more than as can be 
seen by examining the actual. This error of 16° and 30J 
days is doubled for the whole cycle, and the weight of 
this error of 32° and 61 days has been carried by them to 
the 60- day period of invisibility and drawn the remark on 

page 121, Part II: “.or 54 d and 32° more than for S-.'F, 

a rather implausible conclusion. At any event, the 
description of the motion of Venus as given in our text 
seems incomplete”. The footnote here is uncalled for. 


An/fficm. ? C.OL.L 



VASISTHA - PAULlSA JUPITER AND SATURN 
IN THE PANCASIDDHANTIKA 

Introduction 

In chap. XVIII (of the edition of Dr. Thibaut and 
M. M. Sudhakara Dvivedi (TS) of the Pancasiddhahtika 
(PS) the computation of Jupiter and Saturn follow next 
to Venus. This is because their treatment is next simple* 
on account of their small mean motion and equation of 
conjunction, owing to their great distance. TS and 
O. Naugebauer and D. Pingree (NP) in their edition 
of the PS (chap. XVII) have expressed inability to 
understand the part of the computation where the 
equation of the centre is obtained and applied, before the 
application of the eq. of conjunction. Still, they have 
attempted to interpret the concerned verses, changing the 
wordings drastically, to yield their fancied ideas. In 
getting the eq. of conj., too, they have made several 
mistakes. 

As in the case of Venus, here too, the true motion is 
traced from one heliacal rising to the next. The method 
of getting the true anamoly of the eq. cent, is similar to 
that of the moon given by the Vasi§tha in chap. II, and 
based on the same theory of the uniform increase and 
decrease of the rate of motion, forming a linear zigzag. 
Even the same technical term, pada, is used here. All 
these are reminiscent of the Babylonian astronomy of 
the Selucid period as 1 have suggested in my article 
dealingjwith Venus. (Ind. J. of Hist, of Sci. Vol. 14, 
no. 2, Nov. 1V79). 1 As between Jupiter and Saturn, 
their treatment is exactly similar, so that explaining 
one would suffice for both. Verses 6-13, deal with 
Jupiter and 14-23 with Saturn. My main aim here is 

J. {vide Supra, pp. 141-147). 
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tb state and explain the procedure in the coffifftit* 
ation, a thing not understood by investigators. The 
verification of the epoch constants depend mainly bh 
comparison with other systems and modern astronomy. 
So this will be done in a separate paper. 

The better reading of the two original manuscripts 
(printed by TS in the left hand column) has been taken 
by me. In writing the verses below, the correction of 
obvious scriptory errors are put in brackets, but the more 
important ones are indicated also by a question mark. 

Jupiter (verses 6-13) 

6. fesrjjfiEWST f^j(5lT)0T 

Rnftfoaratnftrcfc ^ :(*):) i 

o5^Tfru(fej)cTT II 

7. 

^(T)?fttf?T STRT?5T || 

6. The days of Jupiter from epoch minus 34 d. 
34 m. divided by 399, give the number of risings. The 
remaining are days (after rising). 

7. Add to these days a ninth of the number of 
risings. Multiply the number of risings by 36, add 18, 
and divide by 391. The remainder here are padas. 

We can conclude the following from these two 
verses : i. At 34 d. 34 N from epoch, the first period from 
rising to rising begins, ii. The interval between the 
risings, i.e., the synodic period is 399—1/9=398 8/9 days, 
ill. 391 padas make one full sidereal revolution of Jupiteif 
i.e., 3f0° of mean motion. In one synodic periods 
Jupiter moves 36 padas. One pada—55'- 15". 36 padash = 
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-36° 9*. At epochal days 34 - 34, Jupiter’s longitude is 18 
padas (=16° 35'.) But NP have taken the 18 given here 
as degrees. This is wrong. The difference of 1° 25' is 
too small to show itself in their.verification. Table 32, 
Part II. But for Saturn this pada constant is 89, and for 
Mars, 8*>. Taking these as degrees have resulted in big 
differences and puzzled them. See Part II, page 124. 
iv. In 391 syn. revolutions there are 391 4- 36 = 427 solar 
sidereal revolutions = 36 Jupiter’s sid. revolutions. .*. one 
sid. rev. of Jupiter takes 4332 - 22 - 48 days, and one sid. 
rev, of the sun = 365-15-32 days. The latter being very 
near Paulina’s 36^-15-30, we conclude that, there too, as 
in the moon, it is mixed up with the Vasi§tha’s. 

TS and NP give the same interpretation though 
making more than necessary emendations. In their 
verification, TS use the rough syn. period of 399 days 
instead of the correct 398 f, making the sid. period = 
4333-35-0. 

8. sEJTSft ws*0ar) *$££? 

*fft(q)sf$qr frfo: n 

8. One after another, mean and true segments 
are to be arranged. Taking their difference, if the true is 
less than the mean, the difference is to be added to the 
group of Jupiter’s days (left over in the synodic cycle as 
the remaining days). Otherwise, (i.e., if the true is more, 
the difference is to be substracted. 

‘True’ here means ‘true as corrected for the eq. of 
the cent’. How to get these true positions is given in 
verses 9-11, and the segments are to be got using these. 
So, this verse seems to have strayed from after verse 11. 
The mean positions are to be got by using the remaining 
padas, extending the work done in verse 7, 
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- is introduced to make up for the matras 

wanting, would mean ‘pertaining to either Sun 
or Saturn’. But we are dealing with Jupiter 
here. would alone mean, ‘pertaining to Jupiter’. 
One ms. has no fs. 

Computing and arranging the mean and true segments 
against each other is to facilitate interpolation to any 
required day. It will also be useful to prepare an 
ephemeride. The example worked will make things 
clear. 

TS have expressed doubts about their translation, 
since they have not understood verses 9-11. They have 
retained ff, not supplied the wanting matras, and not 
noticed the grammatical error in NP have made 

three drastic emendations, quite unrelated to the letter¬ 
ing of the text, and “ ”, 

though generally following TS. 

9. 

fst(nr)^sr: qlf i 

fimTsfarU? f 5t 

sfta: ii 

10 . 

5R55T: H 

11. sjsj SK?m5ir: 

sjjRivi ^ Jjir^grri W: 

5i(^) II 

Ver. 9. Jupiter being in the diminishing-motion • 
sector upto 180 padas, there is the constant 1456 (to 
work with, in order to get the eq. cent-corrected-Jupiter), 
Being in the increasing-motion-sector in the next 195 
padas (i.e. 181 to 375), there is the constant 1165, 
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Vef. IQ- Jupiter being in the diminishing-motion ■ 
sector (again) in the next 16 padas, there is the constant 
1486. (After substracting or adding the padas Tot which 
we want computation from these numbers, in the respec¬ 
tive sectors), multiplying them by the padas and dividing 
by 24, minutes of arc are got, (as the eq. cent, corrected 
total motion in the respective sector) at the rising in the 
east (and also thereafter if wanted). 

Ver 11. The total of such motion of Jupiter in the 
first sector is 5 r 9° 30'. In the second sector, it is 6* 4° 10'. 

Briefly, expressed as formulae, the eq. cent, corrected 
Jupiter is given by : 

i. If padas are from 0 to 180, (1456 — padas) x 
padas' -r- 24. 

ii. If padas are in the next increasing sector, i.e. 
from 181 tO'375, (1165 + padas) padas' 24 + 5' 
9° 30', where the padas used are those gone in 
that sector. 

iii If the padas are in the next following sector, i.e. 
376 to 391, (1486 - padas'+2A+S* 9° 30'+6 r 4° 10', 
where the padas used are those gone in that 
sector. 

Though the instructions are laconic, comparison 
with the moon’s computation.makes things clear. The 
increasing-motion sector is obviously the 180° from 
apogee to perigee, where the rate of motion is supposed 
by this siddhanta to increase uniformly from a minimum 
to a maximum. The apogee is at 180 padas (= 166 8 ) and 
the perigee at 376 padas ( = 345°). The last 16 padas, 
continued by the first 180 padas form the diminishing 
half circle where the rate of motion diminishes uniformly 
from the perigee to the apogee. Differentiating the 
formula, (constant + pa da) pada! /24, the increase or 
decrease ip the rate of motion is found to be 
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l'/12 per pada. There may be a small hiatus at the 
junction, apogee and perigee, owing to the unequal 
division of 391 into 196 and 195, to avoid half pada. 
But the average of the rates at ;apogee and perigee, 
(1165' and 1486')/24 = 55' J, agrees with the mean t motion 
forming one pada. (Incidentally, this justifies our 
amendment of ta«wcatar into There are 

other justifications also, as we shall show later). 
Further, the first sector being a continuity of the third, 
the rate during the first pada in the first sector must 
follow next to the rate during the 16th pada of the third 
sector. Since 1486'/24 is taken as the motion of the first 
pada, the motion of the 16th is (1486-30)/24=1456'/24. 
This must be the commencement of the third sector, and 
this is what is given. We can also see that the fastest 
rate, (at perigee), is 1486724=62', and the slowest,. 
1165724=48' 1/2, (at apogee), giving the mean value 
551, °f the pada, already found. But the rate for the 
196th pada , ending which there is the apogee, is, 
(1486—195 X 2)'/24 = 1096'/24. But the minimum motion 
falling at apogee is given as 1165'/24. This hiatus must 
also be due to the fact that the 2'/24 increase in the rate 
per pada is only approximate, and the actual is a little 
less than 2'/24. But the formulae are so given that the 
total of the three sections must be exactly 360°. Thus: 
the total of the first sector is (1456—180) 180'/24=5 r 9° 30', 
as given. The total of the second sector is, (11654-195) 
195'/24=6 r 4° 10'. The total of the third sector is, 
(1486—16) 16724= 16° 20'. These add up to 12 rasis, 
exactly, as they should. Incidentally, this justifies my 
emendation of gaihor: into gnreiT:, tangfata into 
and giving the meaning of as 3x8=24. 
The justification for correcting into to 

get 180, and Tatar into <%5nrr to get 1165, are also 
reinforced by this perfect agreement found here. 

20 
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TS and NP also give tingqq:, seeing the reason 
for that. TS emend into (=1265), which 

will give the total 6? 17° 43', far from the correct 
6 r 4° 10'. The text itself gives 6 r 3° 10', one degree off. TS 
give 6 rasis exactly, not knowing the peculiarity of this 
Siddhanta. Using thus, they are left with 

qqr «E$n. This they interpret as 13° (wrongly, for it 
can mean only 30 or 103). Emending ^ srsst: into 
qr^rq.lr, they say that this 13° is the total motion of the 
third sector. They do not realise that the 16 padas of 
the third sector is near perigee, and the total motion 
must be greater than the mean motion, 14° 44'. Not 
knowing the nature of the method-here, they think that 
the total of the third sector also should be given. It has 
no use, and Varahamihira has not given it. 

About q*=srgfoi% I have emended q^ 

into to delete the one matra in excess, and to give 
the agreement already seen. is z4, as already said. 

TS retain the q«|, but emend into si^sf, making 

it 5/8, leading nowhere. 

As for NP, they generally follow TS’s emendations. 
But, for the divisor 8 they suggest the alternative 83 
{5q«sq0. Unlike TS, they realise that the three sectors 
must add upto 12 rasis and make their own emendation 
of the last part of verse 11, as fgcgoriqr: ^sett 
interpreting it as 20° 30'. NP have given the gist of 
verse 8 correctly, but making a lot of unnecessary 
emendations. They have wondered in Part II, why such 
small units, as padas, have been taken. This is because, 
they seem to think, that the three sectors are each taken 
wholly to get intermediate values by interpolation. An 
examination of the total of each sector would show how 
wrong it would be. The true eq. cent, corrected Jupiter 
is given for the end of any pada we want. We are 
expected to use these to get the true motion through any 
segmentation of the total padas, for correct interpolation. 
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and the ends of the segments may fall anywhere, from 
pada 0 to pada 390. Therefore the small pada segments 
are used. I shall work out an example at the end to 
make everything clear. 

I shall explain the rationale of the instruction in 
verse 8, of adding or subtracting the difference. The eq. 
cent, corrected Jupiter is subtracted from the sun to get 
the anomaly of conjunction. So, a positive eq. cent, 
means, less anomaly of conjunction. The days left over 
represent the anomaly of conj. with the 399 days of the 
synodic period, corresponding to 360° of anomaly. So 
the day is taken as roughly equal to the degree of 
anomaly, and the difference in degree subtracted. Vice 
versa for the eq. cent, corrected Jupiter, it being less than 
the mean. Varahamihira is too astute to confuse day 
and degree, as NP think. (Inverses 64-81 too, there 
is no confusion in the author’s mind, as NP seem to 
think. There he has deliberately chosen the time taken 
by the sun to move one degree as the unit of time, and 
call it ‘day’, for convenience. This is patent on the 
face of the synodic periods given, though TS have not 
even seen it, and are perplexed. We have reason to 
think that verses 64-81 are by somebody else). ( Cf '. 
item 26 of my paper ‘Some errors and Omissions etc.’ 
Vishveshvaranand Indological Journal , Hoshiarpur, Vol. 
XI. 1973). 

Ver. 12: 

12. fe* "SKST 

fjarrfssifascf ^ i 
Tf gr*i?: frprraO ^ ^ ii 

Ver . 13: 

13. 

)5»l%(5r)&5T !T5t Ffritoafilcr: I 
fet^tT *rr*f 
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12: By 60 days, (Jupiter moves) 12°, by 40 days 4° 
and by 24 days 2°. Becoming retrograde, by 56 days he 
moves 6° (i.e. —6°) and by 60 days, 6° (i.e. —6°). 


13: Following after retrograde, he moves 12° in 
BO days, and 9° in 48 days. Then setting, staying so for 
a month plus one day, he clearly rises moving 6°8 / . Ends 
Jupiter. 

The Scheme given 


Days .2^ 60 40 24 56 60 80 48 a ^ 
Degrees ~ £ 12° 4° 2° -6° -6° 12° 9° && 

25 


31 M = 399 
.H *• 

6°8' =33°8' 


These values agree well with actualities, considering 
that whole days and whole degrees are given, excepting 
the last 6 ° 8 ', given to complete the value for the synodic 
cycle. 6° 12' would be better at that region and for the 
whole number, 399 days. 56 days for —6°, and 60 days 
for the same —6° must be explained by the intention to 
give whole degrees and segmentation, : is an 
obvious mistake for vmTFt., and so corrected. TS 
have interpreted to mean 15, which such an 

expression never means. It can mean either 56 or 87. 
They understand another 60 days by the word used. 
All this, to make up the wrong scheme used by them, 
based on the mistaken idea that the statement of motions 
here begins with conjunction and ends with the rising 
in the east after the next conjunction. The following is 
their scheme 

Days i 60 40 24 15 60 60 80 45 30 1 = 414 

p a oo 

Degrees ’S’ a 12° 4° 2° 0° -6° -6° 12° 9®‘5 £(15°)-I = 42° 
u-s && 2 

is emended by TS into 
but how can this word mean their 45 ? As for the last 
part, f^ae^r lr$» wrer, they have taken it to mean 30 days 
instead of the correct 31 days. Let that be. They have 
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not given any motion for it in their interpretation. It 
cannot be left to be guessed and completed by an 
ordinary computer. They, who can be expected to 
know, have guessed, quite wrongly, 15“ motion for 
30 days, not realising that it can be only 6* and a few 
minutes more. For the 414 days from conj. to the rising 
after the conjunction, the total can only be about, 
33° 9 ' +3°=36° 9', and not the 42° given by them. 

As for NP, they have emended into 

to mean 50 days. Since they take 30 days 
for the setting, i.e. one day less, they make the total of 
days, 400. They give 7° motion for the 30 days (which 
they make even 29 days in the last part). They have 
changed the wording to some ununderstandable form 
here, Further, the 7° is far too much for 

30 days. But there is no 7° in the text. They have 
corrected the text IN into thinking that 

in bhutasankhya means 7°. 

Incidentally, one other matter may be considered 
here, viz., the degrees of heliacal rising, for Jupiter. 
During the set-period of 31 days, the sun moves about 
30£ degrees, and Jupiter, about 6° 8', and the relative 
motion is 30-6° 8' = about 24°, from setting to rising. 
This gives about 12°, for the heliacal rising of Jupiter, 
which is fairly accurate, especially for very high latitudes. 
(Classical Hindu astronomy gives IT). Verse XVIII. 
58 gives the -Vasistha Paulisa’s degrees of heliacal rising 
as 12°, 14°, 12°, 15°, 8°, 15° from moon onwards, by 

15° for Jupiter given 
here is too much, and 14° for Mars is too low. 
(Classical Hindu astronomy gives 17° for Mars). So, 
the scribe seems to have made a small change in the 
order, and the correct order is ‘‘^sfnrtai ■5T?5ifgrfsi- 
12°, 15°, 14°, 12°, 8°, 15°, with only 
one change of place. 
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Example: Find the True Jupiter at 2415 days from 
epoch. 

i. The beginning of the first cycle after rising next 
to the epoch is 34-34 days later. 

The days after this, required to find the number of 
cycles gone=2415 — 34-34=2380-26. 

Dividing by 399, cycles gone = 23 ^ 26 =5, with 
385-26 remainder. 

Adding 5x| days, (=0-33), we have 385-59 days 
left over after 5 cycles gone. 

ii. The padas at 5 cycles gone = 18+5 x 36 = 198. 

Mean Jupiter = 198 padas = = 6 r 2°18\ 

True Jupiter:— 

For the 198 padas, 180 padas forming the first sector 
has gone and 18 padas are left over in the second sector. 

■V True Jupiter = 5 r 9° 30' + (1165+18)18724 = 

5 r 9° 30' + 14° 47' = 5 r 24° 17'. 

Eq. cent.^True—Mean -5 r 4° 17'—6 r 2° 18' = —8° 1'. 

iii. The padas at 399 days in the cycle, i.e., the begin¬ 
ning of 6 cycles gone = 198 + 36 = 234 = 180 + 54. 

Mean Jupiter = 234 X 360 -s- 391 = 7 r 5° 27'. 

True Jupiter - 5 r 9° 30'+(1165 + 54)^- = 6'25° 13' 

True — mean = Eq. cent. = 10° 14'. 

Eq. cent, at 0 day of 6th cycle = — 8° 1' 

- „ 399 days of „ = — 10° 14' 

„ at remaining days (385—59) = 

, , * (385-59) X —2° 13' + 399 -|-8° 1' = 

v —10° 10'. 
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iv. True Jup. is less than Mean Jup. by 10° 10'.days 
of Anomaly of Conj. = 385-59 + >0-10 = 396-9. 


v. True an. of conj. = 


for 60 days 
for 40 days 

for 24 days 

for 56 days 
for 60 days 
for 80 days 
for 48 days 
Total 368 ... 
for 28—9 ... 
396-9 


+ 12 ° 

4- 4 ° 

28-9 

+ 2° -jj- x 6° 8' - 5° 32' 

- 6 ° 

- 6 ° 

+ 12 ° 

+ 9° 

+ 27 0 
5° 32' 

32° 32' 


vi. True Jup.=Mean Jup. at 0 day of An. of conj. 
+ eq. cent. + true ano. of conj. 

= & 2° 18' - 10° 10' + 32° 32' = & 24° 40'. 


Note 1: The need for interpolating the eq. cent, to 
the remaining days in the cycle can be seen by working 
for 399 days of the 6th cycle and 0 day of the 7th cycle 
and comparing. They must be the same. 


Note 2: The eq. cent, is computed for 0 day of 
each cycle, i.e., for intervals of 36 padas = 33° 9'. 
Interpolation using these as we have done, can be only 
rough. To get better interpolations, we can divide the 
36 padas into desired segments, find the eq. cent, of 
each, and use. We can form an ephemeride, giving the 
values at the ends of these smaller segments, each. Or 
we can form an ephemeride of values at the ends of the 
day segments given, 60, 40, 24 etc. and use for interpola¬ 
tion. All these logically follow from the instructions, 
though not specifically stated. 
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Saturn (Verses 14-20) 

As I have already said, the treatment of Saturn is 
similar to that of Jupiter. So there will be little need for 
fresh explanations. 

14. 5tfa)sq- 

f^r(cTr) fqsrrqrecrCwiJng^qi^ n 

15. atnf (s)qq^rei 

q^fqqqqffc qtq 

qtgar cr?er(5r)qrcfcqT n 

14. Regarding Saturn, 150-20 days are to be 
subtracted from the days from epoch. These being 
divided by 378, the remainder are the days from the 
rising gone, the quotient being the number of risings 
gonfc. 

15. One tenth of the risings, (i.e , the quotient), in 
days, is to be subtracted from the remainder. The 
number of risings got is to be multiplied by 9, and 
divided out by 256. The remainder plus 89 padas form 
(the padas required for using in the computation). (The 
idea is that 89 is to be added to (quotient x 9), and then 
divided by 256, to find the padas for use). 

4 

In (15), I have emended and into 

and to agree with requiring accusa¬ 

tives as also NP. But TS have kept them. In NP’s 
emendation f?*rren<^, 3ti<*r does not agree with the 
word ftsmt and, the meaning also is redundant. Both 
TS afid NP have emended q|: into q%, thinking that 
JTqTsftfo: is degrees. Even this they doubt as seen in the 
translation, because as mentioned by them in Part II, 
page 124, it has led to disagreement, q^:, as it is, clearly 
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says that the 89 is padas. So is the 18 of Jupiter and the 
85 of Mars. 

We understand from the instructions that the 
Synodic revolution of Saturn takes 378'/10 days, that in 
one synodic revolution Saturn moves 9 padas , that 256 
padas make nine sidereal revolutions of Saturn, that there 
are 256 -f- 9 .= 265 sidereal revolutions of the sun in 
256 synodic periods of Saturn, and that at 150-20 days 
from epoch, Saturn’s mean longitude is 89 padas. (NP 
give in their translation, “89°”, as mentioned already 
Therefore, one sidereal revolution of Saturn takes 
378 710 X 256 + 9 = 10754.84 days. One sid. revolution 
of the sun = 378'/10 X 256 = 265 = 365-15-32. 

Again, the Sun’s sid. period got is Paulisa’s. 

One pada = 36072^6 = 84' 22".5. The motion in 
one synodic revolution = 9 X 84' 22".5 = 12° 39' 22".5. 

Mean Saturn at 150-20 days after epoch = 89 x 84' 

22". 5 = 125° 9'.4. 

16. 

STcp5;<Tfasmj?55T- 

£T(^grr)*r: i 

17. sraq: 

18 . fwwrar 
fin«nftsrasi(sn) , fiN5r- 

Ver. 16 Regarding Saturn, there is an increase (of 
the rate of motion) for thirty padas , from 2416. Then, 
there is a decrease for 127 padas from 2519. 

21 
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Ver. 17 Next there is an increase for 99 padas from 
2037. The amount of decrease and increase are by the 
padas multiplied by 2. The divisor of the total minutes 
is 27, its multiplier being one. 

Ver 18: The total of the first sector is l r 15° 51' and 
the total of the middle sector is 5 r 27° 34'. 

Note: The multiplication by one is unnecessary, 
but given to clear the doubt that may arise by the 
instruction to multiply the padas by two for subtraction 
and additions coming before. 

The meaning is clear, and no material change has 
been needed. I shall give what is given in the form of 
formulae: 

The total motion upto any pada in the first sector 
viz., (1-30) = (2416 + 2 X padas) padas 27, in minutes, 
-do- -do- second sector., viz., 

(31-157) = (2519 — 2 X padas) padas 27, in minutes. 

-do- -do- third sector, viz., 

(158-256) = (2037 + 2 x padas) padas * 27 in minutes 

The total of the whole of first sector given, l r 15° 51' 
can be verified thus : 

(2416 + 2 x 30) 30 * 27 = 2751' = V 15° 51' given. 

The total of the whole second sector = 

(2519 - 2 x 127) 127 - 27 = 10654' = 5' 27° 34', given. 

Being unnecessary, the total of the third sector is not 
given. But we can calculate it and use it to see if all 
those add up to 12 rasis, as necessary, and this will 
verify every instruction given. 

The total of the third sector = (2037 + 2 X 99) x 
99' -5- ?7 = 8195' = 4 r 16° 35'. Now, V 15° 51' + 5' 27“ 34' +• 


57 1 HjdxrLtmlcjaL 



VASISTHA-PAULISA JUPITER AND SATURN 


163 


4 r 16° 35' = 12 r . Examining the constants, we find that 
the maximum motion per pada is 2519' -r- 27 = 93'.3. 
The minimum rate is 2037' ~ 21 = 15'A. The mean 
rate is - 84'.35 as already found, as the mean motion 
equal to the pada. Differentiating as before, the increase 
or decrease in the rate is 4'/27. Actually it is slightly 
less than this, the multiplier being slightly less than 2, 
given. (2037 4 4 X 98) = 2416 shows this. The perigee 
falls at end of 30 padas, i.e., l r 14°, and the apogee, 127 
padas later, at 7 r 13°. 

The instruction how to use the result of these 
verses has not been given, because it is the same as that 
given in verse 8 for Jupiter. Indeed, the un-emended 
reading there means, “with reference to Saturn”. 

As in the case of Jupiter, here too TS and NP have 
not understood what exactly is given in these verses, how 
it is got by applying the three formulae, how the eq. 
cent, is got, and why the instruction to apply this to the 
days remaining is given, in the manner said. 

So, their emendations of the readings, done without 
knowing the subject matter, need not be taken seriously. 
TS have emended the correct fegoiTt: into fsgorgcT, 
meaning “divided by 32”, applied to the risings and not 
to the number got in the formulae. NP have kept the 
reading, but given the translation as, “There is a subtrac¬ 
tion or addition of 12 degrees and minutes, (i e , 12° 12'). 
Multiply by 31 and divide (the product) by 32 (or by 
32 padas.) (The result is) Saturn’s rising.” Where is 
12°12'mentioned ? They take the 32, not as a number, 
but as a segment of longitude equal to 32 padas, i.e., 45°. 
Again, how can this give the risings ? And the risings 
have already been given in verse 14. All these show that 
they do not understand what is said. 
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19. letreftorK? «M)sn* 

tf|^fa»T5rttcT(fer) 

$rft;iq*a«JT fS[?JOt( , ?%?«m)WT^ II 

20. qqft 

sT3nts^5rl?rf( ^r)# 

^^(uV) n ii 

19 : Saturn (moves) 3° in 36 days, 35' in 7 days, 
80' in 16 days, and 224' in 56 days. 

20 : Then becoming retrograde, he moves 3° in 55 
days, and 4° in 60 days. Then following up direct, he 
moves 8° in 112 days, and setting, he moves 3° in 36 days 
in the set period, (i.e. rises in the east after that). Ends 
Saturn. 


This is the scheme given 


days 


36 

7 

16 

56 

Ut 

55 

60 

112 

36 

distance 

W> 

F 4- 

/ « 

3° 

35' 

1°20' 

3°44‘ 

00 

o 

r 

i - 

-3° 

O 

-4° 2 

00 

.2 +■* 
8°s S 

io.2 «-* _. 

D co «5 1=8 

moved 

ftS UP 





« 


5 

<D 

.W* 0J 

c4W 


378 


I shall now discuss the values given, justifying the 
three emendations I have made. The corrupt q^r- 
g T^ftoiissiR has to be emended as 3° for 36 days, 
considering the position, and the fact that it must practi¬ 
cally be equal to the rate between setting and rising, 3° 
for 36 days. The days must add up to 378 days from 
rising to rising, also as from conjunction to conjunction. 
All the numbers for days are clear. Therefore, the days 
for the second segment must be 7. So I have emended 
ng into gft. The motion given there, 28', gives the rate 
2', too absurd for that position, if the original 14 days 
are accepted, and it cannot be that the Siddhanta does 
not know the absurdity. Even for the emended 7 days, 
it so too low, being only 4' rate, while the rate on both 
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sides is 5', and also consistent with facts. Therefore, 
ajjj|jaiT is emended into ^ggatr. Now, these three 
segments can be combined into 4° 55' for 59 days, without 
affecting the result. I do not know why the Siddhanta 
has broken it into such bits. 

Next, the total for the 378 days must be the mean 
motion for the period, i.e., 9 padas, equal to 12° 39'.4, 
roughly taken by the Siddhanta as 12° 39'. Therefore the 
motion for the fourth segment, 56 days, must be 224'. So 
I have emended fejjot into 

In the case of Saturn, too, as in the case of Jupiter, 
TS and NP have thought that the unnecessary total 
motion for the third sector has been given. Finding no 
wording answering to that, they have changed drastically 
the first half of verse 19, and obliterated the first two 
segments of days and motion. They have emended 
the half verse into 

as if they are writing their own book. This means, 
in the last sector the total is 4r 7° 28'. But even this 
does not help to get 12 raSis, the total coming to only 
ll r 20° 53'. 

With the other half and the next verse, they make 
up the whole scheme as :— 

days 16 56 55 68 60 105 36 => 396 

motion +3° +232' +4° -3° -4° +8° +3° = 15° 

changing snsftfa into not giving any word for 

the motion of 4° in 55 days, but simply putting the 
motion there, sftfreiR into newly introducing 

68 days, and giving it the retrograde motion —3°, and 
sr&IRfa into to mean 105 days. As in the case of 

Jupiter, they trace the motion from conjunction to the 
rising after the next conjunction, taking 396 days. But 
the total motions must then be, 12° 39'4-1° 30' = 14° 9' 
and not 15° given. They must know that 3° for 16 days. 
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giving the rate 11|' per day is very much wrong* when 
the rate is only 5' for the nearer segment got from the 
motion 3° for 36 days. 

As for NP, they emend the first half of verse 19, as 
*§tkrr: meaning “Zero 

degree of Virgo diminished by 14°, plus 35' ”, i.e., 4 r 16° 
35'. They are here better than TS because they have 
seen that the aim should be to get the total of 12 rasis for 
the three sectors combined. They have also kept closer 
to the lettering of the text, though the manner in which 
they have got their total for the third sector is far¬ 
fetched. After this, they follow the text without 
changing it. Only at the end they interpret that the 
motion of 3° for 36 days comes before the setting, and 
leave the period set without any days or motion given. 
Thus, their scheme is: 

days 16 . 56 55 60 112 36 ? Total 378 

60 fej) « g 1 SB 

motion-1^80'2 "232' -3° -4° 8 8° 3° a 8 ? i tS Total 12°39' 
c4 w 22 2 •5 w w 

To make up the totals, a motion of 3°27' for 43 days 
has to be given. But it must be at least 3° 35'. For the 
43 days of the set period, the sun’s motion is 42° 20'. 
Therefore, the degrees of Saturn for heliacal rising comes 
to (42° 20' - 3° 27') 2 = 19° 26'. This is far greater 

than the 15° given in verse 58, and also in all Siddhantas. 
Further, the opposition must occur at the middle of the 
period from rising to setting and also the middle of the 
retrograde period. The one falls 160 days after rising, 
and the other 130 days after, as great as 30 days off. I 
am sure NP have noted all these discrepancies, but given 
them as they understood the wording, just to mark time. 

I shall now give an example, to make the method 
clear. 
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Example: 

Find true Saturn at 5000 days gone from epoch, 

i. Days 5000 

To be subtracted 150-20 


Dividing by 378) 4849-40 (12= full cycles gone) 

313-40 ( — Remaining days) 
Days to be deducted \%\ 1-12 


312-28(Corrected remainder) 


* 89 4- 12 v 9 

ii. Padas at 0 day of the 13th cycle :- 256 -= 197 

remainder 

Mean longitude = 197 padas = 9 r 7° 2' 

197 = 30 + 127 + 40 (in the third sector) 

Eq. cent, corrected mean longitude :— 

= V 15° 51' + 5 r 27° 34' + (2037+2x40)40' -r 27 
= + 15° 51' + 5^ 27° 34' + P 22° 16' = 9* 5° 41' 

Eq. cent = 9* 5° 41' — 9< 7° 2' = -1° 21' 

iii. Padas at 378 days gone in the cycle = 197 + 9=206 
Mean longitude = 206 padas = 9 r 19° 41'. 

206 padas = 30 + 127 + 49 (in the third sector) 

Eq. cent, corrected mean longitude = 

P 15° 51' + 5' 27° 34' + (2037+2 X 47)|^'=9«- 18 0 O' 
Eq. cent. = 9' 18° 0' - 9' 19’ 41' = —1° 41' 
Interpolated for days 312-28, the eq cent = 

— 1 ° 21 ' — 0° 17' = — 1° 38'. 


iv. Correcting the remaining days 312-28 by this, 
312—28 + 1-38 = 314-6 days, to be used to find 
anamoly of conjunction. 
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v. 36 days 

+ 3° 




7 ... 

+ 0° 35' 

Mean Sat. at 0 day 9 r 7° 

2' 

16 ... 

4- 1° 20' 

Eq. cent. 

- r 

38' 

56 ... 

4- 3° 42' 

An. of conj. 

4- 7° 

40' 

55 ... 

— 3“ 




60 ... . 

— 4° 

True Saturn = 

9 r 13° 

4’ 

Remaining 84 

-6 4- 6° 1 



— 



TT2' x 84-6 



314-6 

4- 7° 40' 

As per Ephemeris 

:9' 11 

°.7 
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paRcasiddhAntika of varAhamihira 


This paper on Mars is a continuation of my two 
earlier papers “Vasistha-Paulisa Venus” and “Vasistha- 
Paulisa Jupiter and Saturn”, contained in verses 21-35 
in Chap. XVIIT of Thibaut and Sudhakara Dvivedi’s 
(TS) edition, (Chap. XVII in O. Neugebaur and 
D. Pingree’s (NP) edition) of the Pancasiddhantika (PS) 
of Varahamihira (VM). As I have already said, Mars 
and Mercury need elaborate treatment owing to certain 
peculiarities about them, and so are reserved to the end 
of PS by VM. The synodic period of Mars on which the 
equation of conjunction depends is 780 days, during 
which there are more than two revolutions of the Sun 
and one revolution of Mars, so that one full anomalistic 
period of Mars is contained within this period. This, 
with the large equation of the centre, and the large 
equation of conjunction causes large variations in its 
motion from sign to sign and even in the same sign, 
according to the different types of motion governed by 
the anomaly of conjunction, like fast, slow, retrograde 
etc. Hence is the need for detailed treatment. 

Further, we have reason to think that the various 
motions given are all empirical, based on long observa¬ 
tion, synodic period after synodic period. The separation 
into the equation of the centre, and the equation of 
conjunction is yet to come, it seems, unlike the cases of 
Jupiter and Saturn, where it is easy. This would explain 
certain discrepancies found in the values given. 

Regarding the constants given, some can be verified 
by mutual comparison and corrected where necessary 
when there is a doubt about the reading itself. But some, 
like the epoch constants, which are peculiar to the 

22 
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Siddhanta itself, cannot be so verified and corrected 
when necessary. Only in such cases, where we can argue 
that no siddhanta is likely to give such wrong values and 
those so far from the real, that we can make some 
plausible corrections. Therefore, not only in the case 
of Mars, but also Venus, Jupiter and Saturn, I mean 
writing a separate paper, on their epoch constants. 

TS and NP have not understood the nature of the 
motion of Mars, just as they have not understood 
Jupiter and Saturn. While TS have not even attempted 
translating some verses, wrongly interpreting those 
attempted, NP have attempted translating all, but many 
wrongly. I shall point out these after my own translation 
and discussion of the verses, step by step. 

Verse 21 : 

2 1. gSTOT q(<7^) *TOT* 

swrcT stiff oforcr ti 

22 . 

(^)ffStcTr l 

f)f*n aUm:(afaH) n 

23. gsirsftfa 

stftrcwr sfimr I 

qr (cR^tsot ii 

24. 

[sfq%] i 
rtfecfVsq grcrn (;?)fw3H§r n 

21: ‘Subtracting 256-40-0 days (-nadis-vinadis) 
from the days from epoch, and dividing by 780, the 
synodic risings of Mars in the east are got.' 


fJwn/fficm. ? C.OL.L 
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22-23: ‘(157 plus 4) vinadis, multiplied by the 
risings got, are to be added to the remaining days. 
Multiply the risings (got by verse 18), and adding 85, 
divide by 133. The remainder, converted into ra§is is 
Mars at rising. According to the whole or portions of 
raSis, the true motions are to be taken one after another, 
and pieced together.’ 

24: ‘The difference between the mean and true 
degrees should be added (to the remaining days got in 
verse 21), if the mean is greater. If the mean is less, 
the difference should be subtracted from the remaining 
days. This done, I shall give the true motions according 
to each type of motion.’ 

From these verses we learn the following: 

(1) 256-40-0 days from epoch, Mars rises in the east, 
after which the counting of risings begin. 

(2) One synodic revolution takes 779-57-19 days 
(== 780 days minus 161 vinadis). The addition of vinadis 
multiplied by revolutions, is for taking the synodic 
period as approximately 780 days. 

(3) For this period of 779-57-19 days, we get 1 -f 
18/133 sidereal revolution of Mars, and 2 + 18/133 side¬ 
real revolutions of the Sun. So, in one synodic period 
Mars moves 408° 43'.3. 

(4) In 133 syn. periods = 103734-3-7 days, there are 
151 sid. rev. of Mars and 284 sid. rev. of the Sun. From 
this, the sun’s sid. period got is 365-15-38 days and 
Mars’s 686-58-50 days. The sun’s period is 38 vinadis 
more than that given for it by the Vasistha, and near the 
365-15-30 of the Paulina. Therefore, like the moon, 
Venus, Jupiter and Saturn, Mars also is common to 
Paulisa. 

(5) At the first rising when calculation commences, 
mean Mars= 85/133 rev .-T 20° 4'.5. 
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(6) The addition or subtraction of the difference 
from the remaining days has been already explained 
with reference to Jupiter and Saturn. 

No method, however, is given to find the equation 
of the centre. Now, the true motion is affected by both 
the equation of the centre and equation of conjunction. 
The segments of motion given in verses 25-26 are as 
affected by the equation of conjunction alone. By making 
the days given for true motion in 27-35, conform to the 
segments, we can get the degrees and through that the 
days affected by the equation of the centre alone. 

This can be of use only for the remainder of days. 
But the equation of the centre at the beginning of each 
cycle must be given. It has not been given by any rule. 
Since its period is about 687 days, and it has its own rise 
and fall of about 11° from perigee to apogee and back, it 
cannot be associated with the synodic period of 780 days. 
So this is an omission. 

» 

I have corrected the corrupt 'Trcsqtsftgftr: into 
to mean 133. This is necessary for agree¬ 
ment with the actuals, and the effect of my emendation 
is seen in my discussion (3) above. TS have made it 
sntrrf^fir:. How can spar, with such different lettering, come 
inhere? Further, this will give 18/15 rev. = 1 rev. 72° 
as the mean motion of Mars in one syn. period, 23° 
wrong per period. They have made into 

and thus shut out the position constant of 
Mars on the first day where reckoning begins, viz., the 
point of time 256-40-0 days from epoch. (It will be 
remembered that in every case, the Moon, Venus, Jupiter 
and Saturn, they have made this mistake). By this 
emendation they reduce the motion by 86° 24’, and make 
the mean motion of Mars 345° 36' per syn. period of 
780 days!! 
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As for NP, they have made the correct emendation 
giving correctly 151 revolutions of mean Mars 
in 133 syn. periods, and identified it with that given by 
the Babylonian astronomy of the Selucid period. 

But they have not seen that meaning 85, is 

correct as it is and gives the constant T 25° 4'.5 at 
256-40-0 days from epoch, (see item (5) above). They 
think it is the constant in degrees, though no word 
meaning degrees is found here. (This kind of mistake 
they have made in the case of Jupiter and Saturn also, as 
we have shown). But 85° would not do; so they have 
substituted ^rfercrfst for and made it 175°. But 

even this would not do, and therefore they have changed 
the days from Epoch itself into 216-40-0, by emending 
into But this has led to other 

troubles, leading to their remark, “For Mars this would 
mean a longitude of 175° (instead of 194° derived on the 
basis of a. in table 32). This longitude would correspond 
to September 27, and a solar position at 186°, hence to 
an elongation of 11°” (124, Part II). It is to be noted 
that 11° for the first visibility of Mars is given by nobody. 
It is in the range of 14° to 17°. (For details, see separate 
paper below, “The epoch constants of the Vasistha-Paulisa 
star planets”), 

Verse 25 : 

25. fatq.qqO- 
wgT<?5Tn(n)5ciei) I 

stfqi* =q PTrf: sfifTT- 

ii 

(? 3 *^ srer qflsrr- 

sctcftsTcTiJTcft 3g!»f ii 

26. HPHfcq ^Sltq^iOr) 

fronrat fiisafci t? aftfcKr) sqqteq i 
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25-26: ‘After rising in the east. Mars moves 146° 
(in quick motion) and then 18° each (of slow motion), 
retrograde, and follow up after retrograde ( anuvakra ) 
come, and after that, 150° of quick ( Sighra ) motion. Then 
setting, it reaches conjunction (i.e. niramSagatah) in 
60 days, moving 13 plus 30 ( = 43) degrees. Then it 
rises, (moving the same degrees in the same days). 
Beginning from here I shall mention the series of motions, 
with their days.’ 


Rises east 


+ 176° 

( 146° = I type of motion ( sighragati ) 


l 18° = II „ 

(mandagati) 

—C. 18° 

f— 7° = 111 . 

(vakragati) 


1— ll° = IV . 

(ativakragati) 

+C. 18° 

V . 

(anuvakragati) 

+ 150° 

VI . 

(Sighragati) 

Sets west 


+ 43° 

VII (in 60 days) 

(atiSighragati) 


Conjunction 


+' 43° 

VIII (in 60 days) 

99 

il 412° 

Rises east 



The numbers 1 have given in the scheme are practi¬ 
cally what are found in the text, without emendation, 
excepting three. In verse 25, I have emended 
into to get 146°, the most plausible value. 

TS have made it meaning 176° which is too 

large. See discussion following. 150° is given by 
where setet is emended into sra. This is necessary to make 
up the total 410° motion in 780 days. Secondly, 43° 
motion for the 60 days given from setting to superior 
conjunction is required to agree with the 17° usually 
given for heliacal rising. This is made up by emending 
into faster, with the 13° given by added. 

I shall now show that the motion of Mars is near 43° in 
60 days, in the region of the conjunction. For its 
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distance, nearly 1.53 that of the sun given by modern 
astronomy and also as computed from Hindu astronomy, 
the equation of conjunction at this region is 12' per day, 
(as can be verified) which, plus the daily mean motion 
of 31'-4, gives 43'.4 per day, making, in 60 days, roughly 
43°. This also agrees with the angle for heliacal rising of 
Mars, nearly 17°, given by Hindu astronomy. (In 
60 days the sun moves 59°. So the elongation is 
59° -43°= 16° roughly. If f^sifi is taken as it is, we get 
20° + 13° = 33°, which is 10° short of the actual 43° and 
which also gives the angle for heliacal rising as great as 
26°, so far from the 14°-17° given by all). 

In the mean, the motion from setting to conjunction 
must be equal to the motion from conj. to rising. That 
is why it is not given by the text separately. That the 
motion segments given in the two verses is mean is also 
clear, since no position of Mars from its apogee is taken 
into account. So the total motion must be equal to 409°. 
But the total got by adding the segments is 401°. This 
must be due to the defective method of the original or 
the empirical nature of the motions, and rounding off to 
whole degrees, as seen from 43° being given for 43°.4. 
The opposition must fall at the mid-point of the 
retrograde motion, —18°, and divide it into —9, —9. The 
total motion from conj. to opposition must be equal to 
that from opposition to conj. But actually, 43° 4-146° 

18° —9° .= 198°, and - 9° + 18° + 150° + 43° = 202°, 
is given. It may be that the angle segments given are 
empirical, and also there are errors in the apparently 
correct numbers giving the segments, needing emenda¬ 
tion. 1 


1. It is only in the case of Mars does VM give these eight 
types of motion. In II. 12-13 of the later Surya Siddhanta, 
a set of eight types of motion is given. But they cannot 
be equated to these, each to each. So we have only to 
guess when in doubt. 
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The days on the synodic cycle taken to pass each 
type of motion must be nearly equal to the average of 
the days given in 27-35 for that type of motion. This 
has been used to check the degrees of each type. But 
the synodic period, as also the mean motion of 1 + 18/133 
revolution during it, are very near accurate, and they 
must have been got by analysis of the observed motions. 
So the Siddhanta must have known that the motions and 
times are half and half on both sides of the opposition. 

Another point: Beginning from rising, type 1 is 
sighra (quick) motion. II is manda (slow) motion. The 
distinction seems to be ‘faster than the mean’ or ‘slower 
than the mean’. So, the dividing point must be where the 
tangent from the earth touches the synodic circle. Since 
the distance of Mars is 1.53 times that of the earth from 
the sun, this point falls about 189.5 degrees from con¬ 
junction. Subtracting 43°.5 from conjunction to rising 
(given as type VIII) 146° is left for I. This segment 
extends upto the point where retrograde begins. As the 
planet is stationary here, a small error of observation 
can make this lesser or greater than the actual. The 
text seems to give it as 18°. Types III and IV form the 
retrograde motion. Ill is called vakra (retrograde) and 
IV, ativakra (faster retrograde). Ths text is defective 
here, and we cannot fix the exact extent of the retro¬ 
grade segment. But III and IV seem to be divided as 
5 :7 of the total. V is anuvakra, is (i.e., ‘follow up after 
vakra’). In the detailed motions given, this is the sum of 
segments III and IV, but direct motion. This must be the 
counterpart of II. Type VI is sighra , and so the counter¬ 
part of I. Its extent is given as 150*. Type VII is the 
very quick motion ( atisighra ) from setting to conjunction, 
and given as 43° in 60 days. Type VIII ( atUighra ) is 
the counterpart of VII, from conjunction to rising. 

These divisions are mostly based on convention. 
But as these divisions are given only in the case of Mars, 
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and Classical Astronomy does not give them, we have 
only to guess regarding the segments. To add to the 
difficulty, the text is corrupt in the places giving the 
numbers. 

TS have expressed inability to pnderstand verse 25. 
Still they have made some emendations which do not 
give any cogent meaning. No translation is given. There 
is only a question mark. In verse 26, they give 20° 
motion from conjunction to rising. This can give only 
28 days, as against the 60 days given by the text. By 
this the elongation for heliacal rising would be 7J°, so 
absurdly low. 

As for NP, in both verses, they have needlessly 
emended correct forms, wrongly emended the corrupt 
ones, some in faulty Sanskrit, and given an untenable 
scheme. The following is their scheme : Rising east/186° 
motion/18° retrograde motion/180° motion / Setting / 30° 
motion / Conj. / 30° motion / Rising east. They have 
made the emendations and substitutions with their eye 
on the total motion of 409° in the synodic period. They 
make the total 408°, nearly correct. But they do not 
identify the vestiges of the different types of motion 
found in these verses. Further, 30° motion from setting 
to conj. and then from conj. to rising, is short by 13J° 
from the actual 43£°. The time required to move 30° 
is 42.2 days, and the sun would move 41°.5 during this 
time, giving an elongation of 11°.5 for heliacal rising, 
far short of the actual, especially for such high latitudes 
as the Vasi§tha-Paulisa envisages. 

Verse 27: 

27. ^t5nfc5R7(5t@)%?W(n) 

fsrcgnr or i 

srwitft (? 

p 
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- 27: In the I type motion, there ate 40 -4-1 (-== 41), 

404-7 (= 47), 404-7 (= 47), 40 4 8 (= 48), 4042 (^42), 
40—2 (= 38), days per motion of 30° each, respectively, 
in each month of the diad of rasis beginning from 
Mina, (i.e. Pisces). 

This means, that for 30° of motion, the time taken 
-is 41 days in the rasis is (Pisces) and (Aries), 47 
days in (Taurus) and (Gemini), 47 days in 
(Cancer) and (Leo), 48 days in (Virgo) 
and <j55r (Libra), 42 days in fr^ar«s (Scorpio) and 
(Sagittarius), and 38 days in (Capricorn) and fw 
(Aquarius). 

An examination of the rate shows that the perigee is 
situated at the end of and the apogee at the end of 
which both fairly agree with the actual. 

TS say that they do not understand this verse, and 
no translation is given, its place being taken by a 
question mark. NP translate thus : “In the first gati 240 
plus 28 minus half (= 267£) (days). One should calculate 
days for every two signs from Pisces.” It can be seen 
that they do not see that this verse gives the detailed 
rate of motion of the I gati in the diads of ra£is from 
Pisces, as affected by the equation of the centre. They 
think that the first motion given in verse 25, 186° 
according to them, takes 267£ days, as given by them 
here. If so, what is the use of the instruction to 
calculate for “every two signs from Pisces”? 

(? *sr) g- 

T2j3Kr?(*»)5tgorrR. i 

3 rotst: II II 

28: In the II type motion, in the same order, (i.e., 
for each month of the diads, Pisces-Aries, etc.), 18° takes 
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5X10+7, 6x10+1, 7x10+2, 6X10+6,6X10+1, and 
5 X10+1 days. 

This gives 57 days each to move in each of the signs 
Pisces-Aries, 61 days for each of Taurus-Gemini, 72 days 
for each of Cancer-Leo, 66 days for each of Yirgo-Libra, 
61 days for each of Scorpio-Sagittarius, and 51 days for 
each of Capricorn-Aquarius. From the days given it can 
be seen that there is a slight tilt in the apogee towards 
Leo, and in the Perigee towards Aquarius. This small 
difference from the findings in verse 27 shows that the 
values are empirical. 

As for the readings, [rnQ has been inserted because 
we want six numbers for the six diads, and one is wanting. 
Symmetry requires that it must be (- 6 ) there. Also, 
two mdtrds are wanting, qh is emended into 
because, 76 for Virgo-Libra, with 72 on one side, and 61 
on the other, will take the apogee to the end of Virgo, 60° 
off from its place. 

The average in the II type motion is 30° in 61 days, 
which is less than the mean rate. From this we can 
conclude that the I type motion is faster than the mean, 
and the II type slower, as me have surmised. 

TS have expressed inability to interpret this verse 
also, and not translated it. Yet they have made an 
emendation which need not be taken seriously, since it 
has been done without understanding. 

NP have interpreted the verse as giving 57, 71, 72, 
66 , 61 and 51, by inserting ^ 3 , as the fourth. But 
symmetry shows that the second number 71 is wrong, and 
it must be 61, to avoid the jump from 57 to 72. At any 
rate, read with their interpretation of verse 27, we can 
see they do not understand the use of this series of 
numbers. They do not- even say that these are days, 
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Verse 29 : 

(?*r) ^ 

3q%5(q&) qq(? jw)w«K*tt*) i 
fact'sji%q ffft*T(? 
ifHq^qr ^¥OT3irf5t: n ^ n 

Verse 30 : 

31 ^5fKiff5TRC. i 

*sf ? fwaft^qr) 

if ct qsii^ii =gr^»RTT(gr) || \o \\ 


Verse 31 : 

q&rf*ifq^f- 

wrn^wa sracqrtf^aj f^q*rratf? ^mer: fqtqrfsrrqO 
f^T(«r)^«£R5r 

ffan$3it qsq'rfg II %\ II 


Verse 31: 

SI3g*T^s|jl(? H*T)ff|: 

qf (? vrqf )rT[fi^(jr)q^ (?g) i 

3 %fqq^- q^f^fiT- 

W«r ssqigsi^scqrc: II V* ll 

Verse 33 : 

g^ffjrfsrwr^- 

^qhi^ag^T^q^: | 

«f!rq#> tsjnftg 

ll %\ ll 

Ver. 29 : In the signs Pisces, Scorpio, Aries and 
Sagittarius, Mars moves 7° in 42 days when retrograde 
(vakra), and 9° in 42 days when extra-retrograde 
(ativakra). In the follow up after retrograde ( anuvakra) 
Mars moves 16° in 60 days. 

Ver. 30 : In the signs Taurus, Gemini, Libra and 
Yirgo, Mars moves 7° in 43 days retrograde, 10° in 43 
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days extra retrograde, and 17° in 63 days in the follow-up- 
after retrograde. 

Ver. 31 : In Cancer and Leo, Mars moves 7° in 44 
days, 11° in 46 days, and 18° in 66 days, respectively in 
the three types retrograde etc. 

Verse 32 : In Capricorn and Aquarius, Mars moves 
6° in 37 days, 9° in 39 days, and 15° in 57 days, respecti¬ 
vely in the three types of motion. 

Verse: 33: ? ? ? ? 

Types III, IV and V, called respectively retrograde 
(vakra ), extra-retrograde (ativakra) and follow up- 
after-retrograde ( anuvakra ), are given in these verses. 
The first two are actual retrograde motion, and the third 
is the slow direct motion following. They are shown 
hereunder in a tabular form : 


Signs 

Pis-Aries 

Taur- Can-Leo Virg-Libr Scor-Sagit 
Gemi 

Capri- 

Aquar 

Type 

III 

—7°/42 d 

—7°/43 d —7°/44 d —7«/43 d 

—7°/42 d 

—6°/57 d 

IV 

— 9 ° 142 d - 

-10°/43 d —11 °/46 d —10°/43 d 

—9°/42 d 

—9°/39 d 

V 

+ 16°/60 d + 17°/63 d +18°/66 d +17°/63 d 

+ 16°/60 d 

+ 15<>/57 d 


The division into the three types is arbitrary, based 
on some convention. By examining the table we can see 
two things to be noteworthy. The total of I and II is 
equal to III though III is positive. The days for I and 
II are the same, except for Cancer-Leo, and Capri- 
Aquarius. There is symmetry on both sides of these 
sets. Guided by the above, I have emended certain 
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numbers which glaringly go against these points, tn 
verse 29 ns for vakra is corrected into since it 
must be less than 9° given for ativakra, and both equal 
to 16°, clearly given for anuvakra. In verse 30 the 
corrupt is changed into to make up the total 17°. 
The corrupt is amended into guided 

by symmetry, is emended into since the 

number should be greater than 42, by symmetry, In 
verse 31 the corrupt srenaTtiftrsr makes no sense 

and is corrected into ^r§rs: fsrsRSH^, because it is 
reqired to make up the 18°„totakfor anuvakra. is a 
repetition, and 40, does not fit since maximum is 

wanted there, and 46 eminently fits. In verse 32 is 
corrected into ;pr since (=32) is too short a 

period, and far from the 42 days on both sides, and the 
number should also be a little less than 39. corrupt 
is emended into sr which will make up the total (5° of 
anuvakra. 

As for verse 33 the words in it are all perfect, 
without any corruption. But they do not make any 
sense. It seems that some rules are given here for the 
division into the three types with their days, and the 
proportion is roughly 5:7:12 of the degrees of all .three 
combined. At any rate, this instruction does not seem 
to serve any purpose. 

Ativakra represents the faster retrograde motion 
near opposition plus the slower vakra motion on the 
other side. That is why it is greater and faster. But 
why exactly the same number of days? This seems to 
be a convention. But this is against logic. For, only in 
Cancer-Leo and Capricorn-Aquarius, there is a small 
excess of days for ativakra, but even this is far too small. 
The sum of vakra and ativakra is 18° and a maximum at 
Cancer-Leo, and minimum 15° at Capricorn-Aquarius, 
and fairly evenly distributed in between. But actually, 
at Capricorn-Aquarius, the sum is near 9°, as a- compari- 
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son with the motion of Mars given in the Vfikyakarana 1 
will show. 

TS have translated verses 29-32, omitting verse 33 as 
obscure. But they think that all three types are retro¬ 
grade motion, (while only III and IV are retrograde, and 
V is direct motion). This would make the range of the 
retrograde motion from 36° in Cancer-Leo to 30° in 
Capricorn-Aquarius, while the range given is 18° to 1 5°, 
and actually the latter is even as small as 9°. Also they 
do not see that the IV type should be greater than the III. 
So they give the numbers as they get from the words, 
instead of emending them appropriately. So, in verse 29, 
wnrcas emended by them should be correctly ipranTF^* 
st*Tr*3SKt should be ttwderasKt. In verse 30 their emenda¬ 
tion arfssiegt;.' should be srfsrerFfc:. should be 

In verse 31 their giving no degrees at all for 

the days, and defective in matras, should have been 
emended into fi&srr^ir^. In 32, symmetry 

requires our emendation of into while 

TS have kept it. 

As for NP, they have understood that type III gives* 
retrograde and type IV, extreme retrograde, though the 
numbers they give for degrees and days are untenable in 
many cases. Seeing that the degrees of V are the sums 
of those of III and IV, they think that V is the total of 
the retrograde motions, while actually V is direct motion. 
They do not see that if the degrees of V are the total of 
111 and I V, the days too must be the sum of the days, 
and therefore V is not the total retrograde. They have 
translated verse 33, but this does not give any sense. 


1. Cf. V&kyakarapa, Kuppuswami Sastri Research Institute* 
Madras, 1962, Appendix III, Kujavakyas, in the cycles where 
‘Retrograde’ means jn the signs Capricorn-Aquarias, 
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[*3]*re fsMr 3 q$r (? %rar)«r)Mgwi < 

«T33re«- 

*JjT ^ 5WR?SK^cl%|: II \X II 

Verse 34 : In the quick motion following 
( -iighragati ) (type VI), there are the days, 40+1,40+5, 
40+8, 40+11, 40+14, 40+14, 40+11, 40+9, 40+5, 
40—1,40 —4, and 40—4, for every 30 degrees. 

Obviously, these days are given for each one of the 
signs beginning from Pisces. The numbers are almost 
perfectly symmetrical on both sides of the inter-section 
of Cancer-Leo and Capricorn-Aquarius, reinforcing 
the conclusion that the former intersection is apogee, 
and the latter perigee. 

[ng] for Leo is a glaring omission and is inserted. 
Symmetry requires 45 for Scorpio, and so q$r is emended 
into qjj. The number-words forming a ‘dvandva’ com¬ 
pound, firqq is wrong for fsrqft and so has been 
emended. is removed being an extra mdtrd and 
purposeless. This verse is of the same kind as 27-28 
combined, giving types I and II. 

TS have not understood what is given here and its 
purpose, as they have not understood the corresponding 
verses 27-28. But they have translated this verse as 
the words go, and wrongly too, the numbers given by 
them forming a mere jumble, without any instruction, 
2+1, 2+5, 2+8, 2+14, 2+11. 2+9, 40-1, 40-4, 
40—4. No wonder, they append this with a question 
mark. 

NP have emended the already correct q^rq^, 
meaning 40, into qggqfl which they think would mean 
5x60=300. q^qfs would mean only 65. To mean 
5X60, the form should be qs^nssq: (nominative) or 
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Tajreft: (accusative). The trouble is that they have not 
understood that the days given are for every 30°, every¬ 
where, except in types Ilf, IV and V. That is why they 
make such unauthorised corrections. 

srrsrt (fr) 11' 

Verse 35 : In the VII type, (i.e., atisighra), for 
every 30° of the diads Pisces-Aries, Taurus-Gemini etc., 
there are the days, 36+3, 36+9, 36+ 12, 36+9, 36+3, 
36+0. The motion as given for the VII type, is for the 
VIII type too. Ends Mars 

Here, too, the symmetry on both sides of the apogee 
and perigee is necessary, and the corrupt 
is corrected into fl; corresponding to This 

forms the motion from setting to conjunction. As the 
VIII type, forming the motion from conjunction to 
rising is exactly the counterpart of the VII in the synodic 
cycle, it follows that type VIII is the same. 

TS have emended fs^srtur into resulting in 

7 quantities of days, while only 6 are wanted for the 
6 diads of signs. NP, here too, as in verse 34, have 
made an unauthorised correction under the same mis¬ 
apprehension. They have substituted <rF'£<fH3>a3T for the 
correct They do not see the contradiction this 

leads to. From setting to conj. or from conj. to rising 
the days they give are not less than 60, 66, on the average. 
For this, the average motion would be about 46°, in this 
region of the synodic cycle. But they have interpreted 
that it is 30% in verse 26. They have not seen the 
contradiction. 

As I have done for Jupiter and Saturn, here too, I 
shall work out an example, to make my explanations 
clear. 

24 
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Before closing, I wish to say something about 
Mercury. The case of Mercury is as involved as that of 
Mars, but in a different way. In one sidereal year Mer¬ 
cury traverses three full synodic cycles, and more. But 
it moves in the zodiacal circle together with the sun in 
the mean, and its equation of the centre depends on its 
position in the 12 signs. So the motion types vary from 
synodic clcle to synodic cycle in the same year, needing a 
large number of day—groups, and these are given by VM. 
But it is these numbers that are spoiled by scribes most, 
and the reconstruction is a tedious job. (The methods 
though sometimes peculiar, can be guessed and explai¬ 
ned). I have neither the leisure nor the equanimity 
of mind to undertake this work at present, and hope 
someone else would do it. 

Example: Find true Mars at 800 days from Epoch. 

Verses 21-23 Days from Epoch 800- 0-0 
Subtract days at first rising 256-40-0 

543-20-0* 

No. of revolutions gone 543-20-0 

780 

Remainder 

Correction for revolutions gone 
After rising, remaining days 543-20-0 

Mean Mars at Rising — " 7 33 “ ' ^ " rev °l ut i° ns =230° 


= 0 

543-20-0 
0 - 0-0 
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THE EPOCH OF THE ROMAKA SIDDHANTA 

IN THE PA^CASIDDHANTIKA, AND THE 
EPOCH LONGITUDES OF THE SUN AND MOON 
IN THE VASISTHA-PAULlSA 

I. Romaka Epoch 

Varahamihira (VM) gives in chap, 1.8 of his Panca- 
siddhantika (PS) the Epoch of the Romaka Siddhanta as 
mean sunset at Yavanapura (Alexandria in Egypt) ending 
Sunday and beginning Monday, close to the beginning of 
the Hindu Caitra Sukla of saka 427 elapsed, equivalent 
to 6 p.m. local mean time at Alexandria on the Julian 
Sunday 20th March, 505 a. d. He says this is the Epoch 
of the PaulUa Siddhanta as well. Since in III. 13 he says 
that the local mean time at Avanti (Ujjain) is 7-20 nadis 
in advance of that of Yavanapura, the moment of the 
Epoch is 37-20 nadis from mean sunrise at Ujjain on 
Sunday 20th March, 505 a.d. Thibaut and Sudhakara 
Dvivedi (TS), the first editors of the PS, agree with this. 
But Neugebaur and Pingree (NP) in their edition of PS 
(Kobenhavn 1970, 1971) say (Part I, p.8) that it is one 
day later, i.e., Yavanapura, Monday/Tuesday, equal to 
6 p.m. 21st March. This is wrong, and I shall show in 
this paper that the Sunday / Monday, one day earlier, is 
the Epoch. 

The matter can be clinched by comparing the mean 
new moon of the Romaka with those of the other 
Siddhdntas and modern astronomy. They should be 
reasonably near each other. Since the tithi is inde¬ 
pendent of the origin, the new moon is eminently fit for 
comparison. VM says that the Romaka tithi is tolerably 


* Reprinted from the Indian Journal of ‘History of Science, 
Vol 13' No. 2, 1978. pp. 151-58. 
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accurate. The epoch constants of PS I. 9-10, can also 
be used to check the agreement. 

The following table gives the mean sun and moon at 
37-20 nddis from mean sunrise at Ujjain on Sunday 20th 
March, 505 a.d. (corresponding to sunset at Yavanapura, 
Sunday/Monday) according to various siddhfintas, and 
modern astronomy. The modern values are tropical, 
but since the Ayandmsa (precession) is near zero and the 
tithi is independent of the origin, this will not affect the 
result. The Kali days of the point taken is 1,317,122- 
37-20 days from the first day of mean Kali, i.e., Friday 
mean suurise at Ujjain, 18th February 3102 b.c. 

The Julian days of this point is 1,905, 588-9-43. 
The titles of the columns I to III are I, Modern Astro¬ 
nomy (Newcombe, Brown), II, Brdhmasphutasiddhanta, 
and Siddhdnta Siromani, III, Modern Suryasiddhanta, 
Aryabhatlya, and the Suryasiddhanta of PS. Columns IY 
to VII are for the Romaka at 37-20 nddis, at Ujjain on 
Epoch day ; IV if the moon’s constant is 1984, given for 
Ujjain sunset, V if the moon’s constant is 1984 for 
Ujjain at 37-20 nddis, VI, the constant 10984 given for 
Ujjain at sunset, VII the constant 10984 given for Ujjain 
at 37-20 nddis. 
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The following must be noted: (l) The positions 
of the sun and moon are apparently greater by about one 
degree in the Brahmasphuta Siddhanta and Siddhanta 
Siromani because these take the tropical zero-point 
about 100 years later ( c . 628 a.d.) as the zero-point of 
Mesa Rdii. But, as we have already said this will not 
affect our investigation. 

(2) The constants for the sun and moon in PS IX. 
1-2 are taken for mean noon at Ujjain on Sunday 20th 
March, 505 a.d. This agrees with the Khandakhddyaka. 

(3) Columns II and III exhaust all main classical 
siddhdntic schools. The Vdsistha and Pauliia will be 
treated separately. 

We see from these tables that the new moons of all 
the classical siddhdntas and modern astronomy fall 
within one nddi of one another, showing their acccuracy. 
Their moments are 23 to 24 nddis after the time taken. 
Since the classical group includes the Suryasiddhanta of 
PS, the point of the time taken, Yavanapura sunset at 
Sunday/Monday, is the epoch. Now the Romaka, 
described as nearly correct compared to the Paulisa and 
Sarya in its tithi (cf. PS I. 4) must have its new moon 
also near other new moons, may be not very close. We 
must rule out its falling, say about 30 nddis earlier or 
later, which can be due to a mistake in the epoch data 
given. There is a doubt about the time of day for which 
Romaka constants of the sun and moon are given. Is it 
37-20 nddis after Ujjain sunrise (sunset at Yavanapura) as 
normally it should be ? Or is it sunset at Ujjain (7-20 
nddis earlier), taking the time for the constant of the 
moon’s anomaly given in PS VIII. 5 for these also? 
Columns IV and V of the table give the results of the two 
cases. Both are unsatisfactory. In the former ease, if 
Sun/Mon is the Epoch, new moon falls 1-15 nddis later 
than the point of time, about 22 nddis earlier thap the 
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rest. In the latter, new moon falls 6-4 nadis earlier than 
the point of time, 29 nadis earlier than the others. If 
Mon/Tues is taken as epoch, in the former case new 
moon falls about 38 nadis later, and in the latter about 30 
nadis later. Both are unsatisfactory and so the constants 
must be wrong. 

There is fair agreement between the Romaka mean 
sun and that of the others. But the mean moon differs 
by several degrees if the constant is<’ taken as 1984 
(kftastanavakaika). By emending the word into 
(<kftdstanavakhaika , we get the constant as 10984. With 
this constant, given for Ujjain sunset, we get 357° 49’ for 
the mean moon, and 356° 12’ if it is given for Ujjain 
37-20 nadis , i.e., at the epoch time of day. The former 
gives the new moon 9 -11 nadis later, while the latter 
gives the new moon 16-33 nadis later, as close as 7 nadis 
from the rest. This is the best we can get. If the epoch 
is taken as Mon/Tues, these two new moon moments 
will be 46 nadis and 53 nadis later. Hence the epoch day 
is Sun/Mon. 

This new moon, coming 19-33 nadis after zero, Sun/ 
Mon, agrees with the statement Caitra-suklddau , the 
absence of the constant for adhimasa, and the constant 
514 given for avama. The sun being at 350° 34’, the 
solar year begins after 26 nddis, i.e., about 9-30 nadis 
from new moon, for which the adhimasa constant will 
be as small as one, and is therefore neglected in PS 1.9. 
It is also the beginning of Caitra as stated. If the new 
moon is taken to the next day, 50 nddis in the new 
solar year would have passed, the new moon would 
initiate the adhika-Vaisakha, and the adhi- constant 
would be as large as 222, disagreeing with the above 
instruction. These confirm the Sun/Mon epoch. As 
for the avama constant 514, it represents an avamaiesa 
43-52 nddis giving the end of new moon as 16-8 nddis 
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from epoch 1 which agrees fairly well well with the 16-35 
nddis got after Sun/Mon. 

All these show that the epoch is Sun/Mon and not 
Mon/Tues. (The Vdshtha-Pauliia constants also give 
this result, as we shall show later). This is confirmed 
by I. 17-20, which give the Lords of the sdvana year, 
month and day. At the moment of epoch, (i.e., zero day 
gone) we have to work with 2227+0 — 2227. Dividing 
by 2520, the remainder is 2227. Dividing this by 7, the 
remainder is 1. The instruction is that the Lords are to 
be counted from the Sun (I. 19). So we get, Sunday 
ending at Zero Epoch, and the next day beginning is 
Monday. So the Epoch is Sun/Mon. Now, in part II, 
p. 14, NP add one to 2227 to get the Lord of the first day 
after Zero Epoch, and dividing out 2228 by 7, get 
remainder 2 all right, which is correctly Monday, coun¬ 
ting from Sunday as one. But they mistake it to be 
Tuesday, and incorrectly take Mon/Tues to be the 
Epoch. 2 

Now, we come to the actual day mentioned in PS 
I. 8. The reading of MS. is * saumya-divasadye ’, that 
of /J is ‘bhaumya-divasddye’. Bbattotpala’s reading is 
‘soma-divasadye’. It is this reading, meaning ‘beginning 
Monday’ that is correct. But NP discredit it as one 
likely to have been emended by Sudhakara Dvivedi in 

1. cf. Siddh. Sir., Gola. Madhya, 16b-18a : 
dartfogratas samkramakdatab pr k 
sadaiva tisthatyadhimasa£e?am / 
tithyantasuryodayayos tu madhye 
sadaiva tijthayavamavaSesam // 

2. Though it is irrelevant for our purpose here, I shall clarify 
one point. In the footnote on p. 13, NP are correct in 
observing that the rule for Lord of the month as given in 
verse, I. 19 is wrong, but their suggestion to correct it will 
not serve the purpose. "‘Subtract one” is the additional 
instruction required there, as given by Bhatjotpala’s 
reading... 'vyekalx’ for ‘karyah’. 

25 
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his edition. Whatever it is, the discussion in this paper 
shows that it is correct. The word saumya also can be 
taken to mean Monday. It has two meanings, (1) ‘the 
son of Moon’, i.e., Budha. If this is taken it would 
denote Wednesday, which is two days later and obviously 
wrong ; (2) ‘realated to Moon’ i.e., moon’s, day, i.e., 
Monday. The reading, ‘ bhaumya ’ is in the worse vitiated 
manuscript Q, and a corrupt form of ‘saumya’. Further, 
bhaumya is meaningless, and has to be corrected into 
bhauma to mean Tuesday. 

The emendation into bhauma is due to Dikshit. In 
Part I. 18 NP say : “Dikshit concludes that the Epoch 
of VM is Tuesday 22nd March, 505, but that according 
to the Suryasiddhanta, the ksepakas (epoch constants) in 
IX. 1-4 are for the noon of Sunday 20th March, and the 
ksepakas in XVI. 10-11 are for midnight 20/21 March in 
the. same year. The ksepakas in VIII. 1,4-5, 8 are 
computed for sunset of 20th March 505, and this is not 
the epoch of the original Romaka Siddhanta, which he 
claims was written between the time of Hipparchus and 
a.d. 150.” Now, the days for computing are from the 
zero day of Epoch, which is precisely the time of the 
Epoch, and the ksepakas also are for the.time of Epoch. 
So, according to these statements of Dikshit himself, 
the Romaka Epoch is sunset, Sunday 20th March, near 
Yavanapura sunset, ending Sunday, beginning Monday, 
for the Julian date 20th March. Similarly the Surya¬ 
siddhanta Epoch for the sun and moon is Ujjain noon on 
the same Sunday, 22 nddis before the Romaka Epoch, and 
the Epoch for the star planets in PS XVI is 8 nddis later 
than the Romaka Epoch, which is the julian Sun 20/Mon 
21, March. Then how could Dikshit say that the Epoch 
is Tuesday 22nd, when the purpose of the Epoch is only 
to give the beginning of the time to be taken in a 
computation? To compute modern values for compari¬ 
son, NP go even to 5 p.m. Tuesday 22nd March, one day 
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later than the Epoch they themselves have fixed, and two 
days later than the correct Romaka Epoch. 

Thus Sun/Mon is the Epoch. As already mentioned 
the constants of the Vdsistha-PaulUa , and Stirya 
siddhanta (in XVI), also agree with this. 

II. The Epoch Longitute of the Sun And Moon in the 
Vasistha-Paulisa 

In II. 1 the sun’s Epoch constant is given by 
yasamamjtuyuta , corrected into m?tuyuta, and thus 
taking +6. This verse gives the true sun. So the true 
sun at Epoch is (0x4+6) X 30°/127=1° 25’. Since on 
examination we see that the apogee falls near the middle 
of Mithuna, we may roughly take the equation of the 
centre at the beginning of Mesa to be 2" 10’, (the maximum 
being= 135') and subtracting this from the true sun, the 
mean sun is 359° 15' at Epoch. 

The mean moon at Epoch can be got from the 
constant +1936 days, given in PS II. 2. The days to 
work with is Epoch days +1936=0+1936=1936. The 
mean moon = the mean motion in 1936 days + a 
constant (PS II. 2-4)= 309° 25' + V — 14° — 29' 1 
=353° 54'. Obviously this constant is the mean moon 

1. We get l r 14° 29' by emending muni in iasimuninavayamdica 
rdsyadyah into manu. Then the moon and new moon agree 
reasonably with those of the other Siddhantas (Cf. the 
Table above). As it is, the moon will be less by 7°, and 
therefore 8° less than the modern value if the epoch is 
Sun/Mon and 21° less if it is Mon/Tues. This would mean 
that the new moon would be later 40 nddis and 105 nddis, 
respectively, which is impossible. In an earlier paper 
(‘Vasiffha sun and moon’, supra pp. 1-28. I was not willing 
to amend even obvious errors, concluding that the Vasistha 
moon must have been given for sunrise at Ujjain. But in 
the absence of any special instruction to that effect, only 
the Epoch time should be normally taken. So later 1 emended 
. muni into manu, which gives such good agreement. 
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at the point 1936 days before epoch. This is only 54^ 
less than the modern, given in the table, and need not be 
ascribed even to the error of the siddhantas (its mean 
motion being remarkably equal to the modern) but to its 
first point being forward, by this amount from the first 
point of r (i.e. the vernal equinox) of 505 a d. as it 
should be about 60 years earlier. (Its mean sun at Epoch 
359° 15, confirms this idea.) Mean sun minus mean moon 
5° 21, the new moon falls 21-18 nddis later than the epoch 
time, and if it should fall in line even approximately with 
the other siddhantas and the modern, the Epoch itself 
should be Sun/Moon. Since the Vatistha moon is the 
same as the Paulina, the Epoch constants of the Paulina 
got from PS I. 11 and III. 1-3 should confirm this, and 
they do, as we shall see. 

In part II, p. 22, NP go back 1936 days from 5 p.m. 
22nd March 505 a.d. arriving at Dee 3, 499, and state 
that the mean moon of that day at 5 p.m. at Ujjain is 
2 r 9° 20'. This being = 2 r 9' T 1” (the constant given in 
this text by gaSimuninavayamas ca rd&yddyah) they say 
that the 5 p.m. 22nd March, and the constant given, are 
verified at one stroke. But the 5 p.m. 22nd March is 
nearly one day later than the Epoch they fix, namely 
Mon/Tues Uijain 37-20 nddis on 21st March. This new 
Epoch is given nowhere in the text of Vdsistha or Paulisa. 

The following is their mistake : The correct date to 
go back is Dec. 1st 499, 6 p.m. Ujjain, and at that time the 
mean moon is nearly 1 * 15° 23'by modern astronomy. 
This is only one degree off the emended text value 
l r 14° 29'. which error can be reasonably attributed to 
the Siddhanta. It should be noted that the apparent 
agreement brought about by NP is due to two mistakes 
made by them, one equal to the other. First the two 
days error of about 26° mentioned above. Secondly, 
they have interpreted iaSimuninavayamdSca raiyadyah as 
2 r 9° 7' V't not paying attention to the word rdfyddydk 
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meaning ‘in the order beginning from raiis etc.’ The 
correct value, as given by the emended text is l r 14* 29'. 
So the error here is nearly 25°. (cf. the previous footnote). 

Next we take the Paulisa. Since no separate 
instruction is given, the new moon is the same as the 
Vdiistha. To fix the mean sun at Epoch without any 
doubt, the whole of III. 1-3, giving the true sun must 
be studied, since these verses have not been understood by 
TS or NP. Like the Vdiistha, the Paulina also begins with 
giving what is actually the true sun at the begininng of 
the year, and calling it the mean sun. Therefore, the 
equation of the centre at the beginning of the year, 
about 2° 13'.5 minus the 7' got by the instruction to 
subtract 11' x20/30, equal to 2° 6'.5, is included in the 
so-called mean sun. 1 shall translate the verses PS 
TIT. 1-3. 1 

Ill I. Multiply the days from Epoch by 120, 
subtract 33, and divide by 43831. The revolutions etc,, 
of the mean sun is got. This, plus 20° is the kendra 
(i.e., anomaly, but here used in the sense of the argument 
to be used). 

III. 2-3. For each rail of kendra subtract conti¬ 
nuously, one for one, 11', 48', 69', 70', 54', 25', and then 
add 10', 48' 70', 71', 54' and 25'. The mean sun 
becomes true. 

This straight interpretation gives clearly the method 
of computation. Example : Let the days from Epoch 
be 620. Then (120x620—33)/43831 - 1 rev. 8' 10° 52'. 
This plus 20° gives 9 r 0° 52' as the kendram. So the true 
sun = & 10° 52'—11'—48'—69'-70'—54'—25'+10_' + 48' 


I. This was given as item 1 of a paper by me in the 
Vishveshvaranand Ind Aogical Journal, Hoshiarpur 1973, first 
presented at the World Sanskrit Conference, 1972. See Supra 
pp. 103-4. 
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+70'+2' (the last term for the 52' left over) = 8 r 8° 25'. 
(This is similar to the method given in the Vakyakarana). 

I pointed out TS’s mistakes in the paper mentioned 
in the previous footnote. I subsequently found that in 
their edition (Part II, p. 21) NP have improved upon TS’ 
Translation, but have made a great mistake in concluding 
that the sun’s maximum equation of the centre to be 72'. 
This is due to their mistaking the 11', 48' etc. as actual 
values, instead of differences, of the equation of the 
centre and that the anomalies taken are 290° onwards. 
But actually the apogee is taken to fall at 70°, i.e.,10° 
Gemini, not at 80° (i.e., 20° Gemini) as they say. The 
70° may appear to be quite wrong, but it may be the relic 
of a very early period when the vernal equinox was for¬ 
ward by about 5° (the equivalent of 360 years). This 
shifting of the first point backwards, together with the 
actual small movement of the apogee, could have been 
the reason for taking the differences as — 11',—48', etc. 
instead of the correct original differences for 210°, 300° 
etc., namely — 19', — 51', —70', —70. —51', —19', +19', 
+ 51', +70', +70’, +51',+19'. 

On this basis, we can fix the mean sun of the Paulisa 
at zero day Epoch. The so-called ‘mean sun’ is 
(0 x 120—33)/4383’= —16'.5. This contains the equation 
of the centre of that point, 133'.5 less the 7' got by 
computation, i.e., 126’.5. The real mean sun at Epoch 
is, —16'.5 —126'.5- — 2°23' = 357° 37' 1 The mean sun will 
reach zero Mesa 2 days 25 nadis later than the Epoch. 
Mean Sun — Mean moon = 357° 37'—353° 54' = 3°43'. 
So the new moon occurs 18-17 nadis later than the 
Epoch. This is 5 nadis before the classical and modern 

1. This large deviation from the zero point of c. 505 a.d., 
confirmed to by other Siddhantas, need not surprise us 
since this will be consistent with an earlier time by about 
200 years. There is a similar shifting of the zero point 
ih 'the VSsistha also.' 
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new moon, and closer than the Romaka. The days 
corresponding to the adhimasa&esa are from mean new 
moon to mean zero point of Mesa, 2 days, 6 nadis, 
43 vinadis. 

That these findings are correct will be confirmed by 
the ksepas (constants) for adhimasa and avama, in PS 
I. 11, according to the PaulUa. The former is 698, giving 
698/9761 of a lunar month, nearly equal to the 2 days, 
6 nadis, 43 vinddis found above. 

The avama constant is given by the last foot, both 
Mss. combined giving the reading, trikftadinanya- 
vamasamksepah. ‘trikfta’ is corrupt, as [taken by all. So, 
whatever is given by 'trikfta’, that is the avama constant 
given. I emend it into ' vikftakftdny ’ and take it to mean 
“the avamaksepa is less (than the ksepa given before, i.e. 
698) by 44'. So the avamaksepa is 654. This gives very 
nearly 41-43 nadis, which subtracted from 60 nadis gives 
nearly 18-17 nadis as the time of new moon after epoch, 
giving perfect agreement. 

I shall justify my emendation. There must be an 
avamaksepa, in the absence of which the PaulUa new 
moon will have to be taken as falling at Epoch itself, 
so far away from others, and so wrong. We cannot 
take the Romaka ksepa for the PaulUa since in that case 
both new moons will fall .at the same moment, very un¬ 
likely, and also the PaulUas’s will be as wrong as the 
Romaka’s. Therefore the ksepa is given, and that must 
be 654, if we want the word kfta to be kept. TS and 
NP also have to emend krta to mean 6. TS make it 
fta. (NP’s sat is very unlikely, and unnecessary). Their 
emendation means “63 days are the avamaksepa’’. What 
they mean is that the lunar days are to be divided by 63 
days to get the avamas. But where is the ksepa ? They 
neglect the word ‘ ksepaK. We can understand the lunar 
days to be divided. But these have not become days yet. 
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and there is no meaning in saying ‘divide by 63 days’, If 
‘days’ mean lunar days here, then it should be 64. 
Further, the instrumental case is required to instruct 
division, not the nominative. My emendation sets 
everything right. 

This detailed discussion, though lengthy, has been 
required to fix the Epoch and the Sun and Moon at 
Epoch precisely, removing any doubt. This is necessary 
for the determination of the Epoch constants of the star- 
planets of the Vdsistha-Paulisa, and to compare them 
with the constants of the later Siddhantas, and modern 
astronomy, which will be done in another paper. 
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THE EPOCH CONSTANTS OF THE VASISTHA— 
PAULINA STAR PLANETS 

In my paper, ‘The Epoch of the Romaka Siddhanta' 
(See above, pp. 188ff.), I have shown that the epoch of 
the Romaka-Paulisa therein is sunset at Yavanapura, 
ending Sunday and beginning Monday, March 20, 
505 A.D., (equal to 37-20 nadis from mean sunrise at 
Ujjain, as given, 20th March). I have also shown in 
Section II of the paper that the Vasistha mean sun at that 
time is 359° 16', taking the vernal equinox of circa 
505 A.D. as the zero point, and the Paulisa mean sun, 
357° 37'. The mean moon according to both is 353° 54'. 
In this paper the epoch-constants of the star-planets of 
the Vasistha-PauliSa are sought to be determined. 

Several of the words giving the numbers are corrupt 
owing to the carelessness of the scribes, and some have 
been deliberately tampered with inadvertently owing to 
ignorance. Yet it is possible to determine many of these 
numbers by mutual comparison, aided by a knowledge 
of the methods that are being used and the related 
information given in other verses. But some cannot be 
checked in these ways. A knowledge of the original 
siddhantas alone can help, but they have not been found 
yet. In these cases we can only see whether our 
conclusions agree with other siddhantas and modern 
astronomy tolerably well, explaining small disagreements, 
and rejecting those that are too far away to be correct. 
In my three papers dealing with the Vasistha-PauliSa 
Venus, Jupiter-Saturn, and Mars, I was mostly content 
with correcting the numbers in so far as they mutually 
agreed, so that my purpose, viz., to explain the method 
of computation was not impeded by too much extraneous 
details. Hence is this paper, where I have attempted to 
fix the constants as correctly as possible, 

2 $ 
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1. The Epoch Position of Venus 

In my paper on Vas-PauliSa Venus, I emended the 
word giving the days of first rising after epoch, munijala- 
candran, (=147) into ‘jalamunicandrdri (=174), as 
doing the least violence to the text. At 174 days from 
epoch, the mean sun is = 16£° degrees according to 
Vasistha and 16° degrees according to Paulisa. Since 
Venus is 176°, given, the elongation is 6£° degrees and 
7 degrees, respectively, a little less than the 8° given in 
verse 58 of the chapter. So the emendation into jalamuni 
is plausible, the words having interchanged places as in 
III. 4. Since the Vas-Paulisa sun has been fixed near 
358°* at epoch, the sun would be near 169|° at 174 days, 
and the elongation of Venus would be near the 8° 
required. The small difference can be attributed to a 
small error accumulated through a long period. 

This also agrees with the 30 days given from setting 
to superior conj. and 30 days again from sup. conj. to 
rising, the motion given being 37£° (verse 5). The sun’s 
longitude would be 30° less, i.e., 139°. Venus would be 
37£° less, i.e., 138£° mean longitude, both nearly equal. 
The time of sup. conj. is 142 or 143 days, respectively, 
from epoch. Subtracting the mean motion for the 
respective days, we get the mean position of Venus at 
Epoch as 138 -|° — 227 $ # = 271 or 138 — 229° 6'- 

269° 24', respectively. Modern astronomy as well as the 
Suryasiddhanta of the PS give 267°. The difference is 
not great, and can be put to the variation from siddhanta 
to siddhanta itself. 

2. The Epoch Position of Jupiter 

The numbers giving the Epoch constants are clear. 
So, we have to put any discrepancy to other causes than 

1. Cf. the Paper ‘The Epoch of the Romaka arjd Paulina’ 

above, pp. 188ff, 
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wrong numbers. The first rising is 34-34 days from 
Epoch (verse 6). The Paulina 1 2 mean sun of date is 
34° -f- 357° 37' = 31° 37'. The mean Jupiter, as corrected 
for the equation of conjunction alone is 18 padas a = 
16° 35'. The equation of the centre at this point is that 
for the 18 padas at rising, minus 16° 35' = (1456-18) 
18'/24 — 16° 35' = 1° 24' (by verses 8, 9) .*. the true 
Jupiter at this point is 16° 35' + 1° 24'= 17° 59', i.e., the 
same as (1456- 18) 18'/24. The elongation for heliacal 
rising got is 31° 37' —17° 59'= 13° 38', which is reasonably 
near that given in verse 58, especially when we see that 
we have used only the mean sun here, so that the 
treatment may be general. The elongation for heliacal 
rising as computed from the time given from setting to 
rising, 31 days, and the motion for that, 6° 8', (verse 13), 
viz. (30° 32' — 6° 8')/2=12° 12', is fairly close, when we 
consider that various values, from 11° in Hindu 
siddhantas to 14° in verse 58, are given. 

Continuing, Mean Jupiter 15 days before 34-34 
days = 16° 35' —3° 4' = 13° 31'. Subtracting the mean 
motion for the 19-4 days remaining to reach the epoch, 
mean Jupiter at Epoch is 13° 31'— 19-4x5' (per day) = 


1. I use the Paulina sun because the sidereal year computed 
from the data given for all star-planets is Paulina’s. 

2. These, are padas and not degrees as Neugebaur and Pingree 

(NP) mistake them. The instruction in verse 7 is to add 
18 to the padas remaining after division by 391, and after 
that the equivalent ragis etc. are to be found. So these 
are also padas. The difference caused by the mistake is 
not great here. But in the case of Saturn and Mars it is 
36° and 145°. They have tried to minimise this large 

difference by changing the numbers giving the days as 
216-40, ( satkaikayamdn ) in verse 21, in the case of Mars, 
to make up for the large difference. But they are still not 
satisfied and remark, “For Mars this would mean a 

longitude of 175°, (instead of 194°.). For Saturn, however, 

no such agreement seems obtainable for the given numbers.”. 
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11° 56'. Modern astronomy gives 9° and the Surya 
siddhanta of the PS 8 °. 

3. The Epoch Position of Saturn 

Here too there is no doubt about the numbers giving 
the epoch constants. The method of procedure is similar 
to that of Jupiter: The first rising is 150-20 days 
(verse 14) after epoch, and the mean sun then = the 
epoch position of the sun + 150-20 days’ mean motion= 
3570 37 ' + 148 o 12 ' = 1450 49 '. The m ean longitude of 
Saturn as corrected for the equation of conjunction = 89 
padas, — 125° 9'. The equation of the centre-corrected 
mean Saturn = l r 15° 51' (for the first 30 padas + (2519- 
2 x 59) 59' jll, (for the remaining 59 padas) — 45° 51' 4- 
87° 27' = 133° 18', (verses 15, 16). The equation of the 
centre = 133° 18' — 125° 9' = 8 ° 9'. (Since 8-9 days will 
have to be subtracted from the 0 day (verse 8 ), the actual 
conjunction will fall 8 days later). The uncorrected 
elongation = 145° 49' — 125° 9' = 20° 40'. Taken to the 
date of actual conj., and corrected for its equation of the 
centre, the sun = 145° 49' + 8 ° 2' —2° 10' = 151° 41'. 
True Saturn carried to this point of time= 133° 18'-f-41' = 
133° 59'. The elongation is 151° 41' — 133° 59' = 17° 42', 
fairly near the 15° for Saturn given by verse 58, when we 
consider that the values might be empirical. 

Continuing, mean Saturn, 18 days before rising, = 
125° 9' — 1° 30', (=18 days motion at the rate 5' near 
conjunction) = 123° 39'. Subtracting the mean motion 
for the 132-20 days remaining to reach epoch, at mean 
motion 2'per day, mean Saturn at epoch=123° 39' — 
4° 15' = 119° 24'. Modern astronomy gives 122°, and the 
Suryasiddhanta of PS 122 

4. Epoch Position of Mars 

In the case of Mars in verses 21-23, the days of first 
rising after epoch is given by satkamvayaman, (which is 
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corrupt) plus 40 nddis. TS and I have emended it into 
satpancayamdn (= 256) while NP have corrected into 
satkaikayamdn (= 216). But 216 is certainly wrong since 
the true longitude of Mars at that time is given as 
85 padas — 230°), unmistakably. For, 216 days would 
give the sun in the neighbourhood of 211°, but it must be 
greater than 230° by about 14 3 to 17°, for heliacal rising 
to take place at that time. So we have to take the 
emendation satpancayamdn, in the absence of any other 
plausible one. There is doubt only about the mid-digit 
and no other number can fit, as can be verified. 

At 256-40 days from Epoch, the mean sun = Vas- 
Paulisa Mean Sun at epoch + 256-40 days’ motion = 
357° 37' + 253° = 250° 37'. The uncorrected elongation 
is seen to be 20° 37', not far from the 14° to 17° given for 
Mars by verse 58, and Hindu astronomy. The mean 
longitude of Mars, 85 padas (= 230°) at rising, actually 
contains the + 12° of the equation of conjunction at the 
point of rising. Since, according to the method of the 
text, this is constant, and the mean motion for the 780 
days from rising to rising is 409°, (got from the 18 padas 
given plus the one revolution or 360°, understood) which 
is also constant, the 12° can be combined with this for 
ease of work. So the actual mean Mars is 218° at rising. 
Subtracting from this the mean motion for 256 days 
40 nddis , equal to 409° X 256 f ^ 780 = 134° 36', we get 
218° — 134° 36'= 83° 24', as the mean longitude of Mars 
at epoch. According to modern astronomy it is about 
75°, and according to the Suryasiddhanta of the PS 75 
There is a difference of about 8°. This cannot be reduced 
by correcting the days alone, since both the 256-40 days, 
and the 85 padas will have to be corrected. But the 85 is 
given unmistakably. So it must be put to small errors 
accumulating over a long period and/or empirical values, 
and/or some mistake made by somebody somewhere. 

I am not taking Mercury for investigation now. 
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saurasiddhAnta of PAftCASIDDHANTIKA: 
PLANETARY CONSTANTS AND COMPUTATION 
(PS XVI, XVII, XVIII) 

Chapter XVI of the Pancasiddhantika (PS) deals with 
the computation of the mean star-planets. Mars etc. 
according to the Saura Siddhanta, and chapter XVII of 
the true motions, with their heliacal risings and latitudes. 
The mean planets are made true by employing the 
method of epicycles, as in the case of the sun and the 
moon, in chapters XI and X. Of the five siddhantas 
condensed by Varahamihira (VM) the Saura alone uses 
epicycles, and there is no evidence of its use in any 
other. So, in the originals also only the Saura must have 
used epicycles, since V.M. follows the original as far as 
necessary. Thus the Saura is the most mature and may 
be considered to begin the highest developed stage of 
Hindu astronomy, represented by the Aryabhatiya, the 
Brahma-sphuta-siddhanta, the Later Surya Siddhanta etc. 

Though VM’s Saura, being a karana, does not use 
y«ga-cycles for the planets, the original must have had 
them, and they can be re-constructed from the epoch- 
constants given, as we have done in the case of the sun, 
moon, moon’s apogee, and nodes. These can be seen 
to agree with the corresponding parameters of the Paulisa 
quoted by Bhattotpala in his commentary on the Brhat- 
samhita, and with the Ardhardtrika-paksa of Aryabhata, 
a work now lost, but reconstructable from its description 
given in the Mahabhaskariya, chapter VII. 21-35, and 
from the Khandakhadyaka of Brahmagupta which latter 
expressly follows the Ardhardtrika-paksa. Not only the 
yuga- cycles, but also the yuga- days, and epicycles and 
apogee positions and nodes agree in these. Strangely 
enough, the Later Surya Siddhanta does not agree with 
the ‘Old’ in many things. In the matter of computing the 
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latitudes of the star-planets, the Saura gives the same 
method as the Ardhardtrika-paksa combining two types 
of latitudes, but the Khandakhddyaka follows the 
Aryabhatiya itself exactly as propounded in the Mahd- 
bhaskariya, VI. 52-55. 

As for agreement of VM’s Saura with the other 
siddhdntas of the period, a perusal of the table appended 
will show this. But it must be noted that the agreement 
in mere number of cycles is not real agreement, because, 
the jpwga-days being different, there will be difference in 
the calculated mean values. But, at the period we are 
considering, c. 500 A.D , the mean positions fairly agree 
with one another, and also with what would be got by 
modern astronomy, showing thereby the accuracy of 
their observations. 1 There is agreement in the degrees 
for heliacal rising and setting and the method of 
computing the star-planets between the Saura of the PS 
and the Later Surya Siddhanta, though the epicycles 
differ in many ways. 

Another important matter should be mentioned. In 
XVI. 10-11, and XVII. 10-1 la, VM gives corrections, 
which are his own, to secure agreement with observation 
to make the Saura fit for correct almanac-making, which 
naturally will be demanded by the literate. Thus, in 
XVI. 10-11, certain bijas are given to correct the mean 

1. For example, for PS’s epoch, all except the Later SUrya 
Siddhanta give nearly 236 c for Rahu, including the modern. 
This is seen only in the Rahu of the Later Surya Siddhanta. 
Evidently there is error of reading here. In I. 35 of the 
Later Surya Siddhanta, the original should have been 
ins tead of etc. This mis-reading 

must have occurred before the commentator Rahganatha, for 
he gives aiEuqfRmnfgfn^T'. If what 1 suggest is correct, 
3° will be added to the 232° 29’ got according to the wrong 
reading ipaking Rahu = 235° 29’, giving fajr agreement, 
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of Mars, Jupiter and Saturn and the slghra of Mercury 
and Venus. The corrections amount, in terms of yuga- 
cycles, to : Mars + 57; Mercury + 400, Jupiter — 33|; 
Venus — 150; and Saturn + 25. These corrections are 
similar and approximately equal to the famous gwrel'T 
correction on the Aryabhatiya, propounded by his 
successors in his school, to correct his cycles to agree 
with their observation. I do not suggest that VM was 
aware of the siT»flT«r correction in that form, but the 
tendency to correct the earlier results with bijas based on 
observations, is found everywhere, whether north or 
south, a healthy sign of the growth of the science. In 
XVII. 10-11a, VM attempts to correct Mercury and 
Venus to secure agreement with observation. (See notes 
under 10-1 la). 

Another thing is to be noted. In (1) the Aryabhatiya, 
in (2) the Ardhardtrika-paksa (which means ipso facto the 
Khandakhddyaka, VM’s Saura and Bhatlotpala-quoted 
Paultia) and in (3) the Later Surya Siddhdnta, the yuga 
cycles are such that the mean planets are all zero at the 
beginning of Kali, the moon’s apogee is 90°, and the 
moon’s node 180°. Now, the Aryabhatiya has equal yuga- 
pddas, Krta, Tretd, Dvapara and Kali, i.e., they are 
equal in length. The other siddhantas have unequal yuga 
divisions, Kfta being 4 parts, Tretd 3 parts, Dvdpara 
2 parts and Kali 1 part. If the other siddhantas also 
postulate, like the Aryabhatiya, that the planets were 
created and began to move from the beginning of the 
Kalpa from a zero position, then the cycles should be 
divisible by 20. But they are not so divisible in all. This 
necessity is avoided by postulating a time later than the 
beginning of the Kalpa called ‘the time of creation of 
planets’ by the Later Surya Siddhdnta, as stated in the 
verse, 

f new |i (I. 24) 
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and by having both the number of cycles and yuga-days 
divisible by four. In the case of the moon’s apogee, the 
cycles should be odd, and in the case of Rahu, the cycles 
should be even, but not divisible by 4. These necessary 
conditions are indeed found in the Later Surya Siddhanta 
and its kind. Thus, if there is any observed difference 
in the mean planets, moon’s apogee and nodes, they 
must be due to the 3600 years elapsed after Kali, for the 
period c. 499 A.D. But the observed differences should 
be only small, and due to error of observation. The 
cycles must have been, and have been, constructed with 
an eye to this also. In fact, the number of cycles have 
been determined by observation, and by using the 
Diophantine equation ( kuttaka ). The difference of just 
300 days in the length of the yuga, (it does not matter 
much if it is 328 days, as in the Later Surya Siddhanta), to 
secure equality at c. 499 A.D., between the Ardhardtrika- 
paksa and the Aryabhatlya, which is called, for distinc¬ 
tion, the Audayika-paksa, meaning the type beginning 
the day from mean sunrise at Ujjain, provided the 
number’of cycles are the same. (See table). There is a 
difference of just a quarter of a day accumulated from 
zero Kali to c. 499 A.D. and the difference is made zero 
at this point of time. We shall now proceed to examine 
the verses, one by one, in chapter XYI and XVII. 1 

acq f?renSis5R*ii 

nc(? tm) mifeor it 1 n 

‘The following is the determined position of the 
star-planets at midnight at Ujjain according to the Saura 
Siddhanta. For their computation, the mean sun should 
be taken as the mean Mercury and Venus.’ 

1. For full explanations and details, see ‘The main characteris¬ 
tics of Hindu Astronomy’, supra, pp. 118-40. 

27 
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Note: I follow TS’s emendations. 

Example: Find the mean Venus at 1,20,553 days 
after epoch for the star planets, viz. 427 l§aka elapsed 
midnight at Ujjain. This is the mean sun at 1,20,553.5 
days from midday, of epoch taken for the sun (IX. 1). 
Therefore the mean Venus=the mean sun = (1,20,553.5 x 
800 — 442) ^ 2,92,207= 17° 18' 27". 


Fsfsprorfjifo (? f3r)srpft§r(?fsr)«5rgt i 


SS5CT 3 II 2 II 


sfftsq ^i^rgorr- 

l 

atpy % smort 

n«Tr(«t)jr§T: II 3 n 

apa *FT«Jt wnt 

naa-. fcir: 

sifter aunt fq5tV«tT^(fg) a 4 n 



q*5T | 

JR 

n«mr^(n^) at n 5 ll 


sr£t «nn(nr) fe<<r%(car 

5R?f)q: *srgsr>(<r^) gfl fafosausn 
%q: gsreq a(a)nfafa- 
uaifsRi^r n 61 | 


siagfor^ gasha 

*a*aas^rewTf5nfr wtst: I 
a- 

cqcraf fln<nsa(?ar:) ii 7 n 
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fwf^crrCRwr) ^not^jjforar 11 8 r 
9^Wlf5IT* 

fefsm frcrtasRq; 1 
5rt[«m] f%ews?r f^n: 

5Tftn:e?rq'T^r(^)?pT^: n 9 n 

To get the mean Jupiter, multiply the days from 
epoch by 100, and divide by 4,33,232. Revolutions etc. 
are got. Deduct 10"' per revolution. Add 8° 6' 20", the 
mean at epoch. (This is called Ksepa.) (A bija correction 
is given by VM, to this, for which see verses 10-11 
below.) 

To get mean Mars, divide the days by 687. Revolu¬ 
tions etc. are got. Add 14'" per revolution. Add 2 r 15* 
35'0", the mean at epoch. (See verses 10-11, below for 
bija correction.) 

To get mean Saturn, multiply the days by 1000 and 
divide by 1,07,66,066. Revolutions etc. are got. Deduct 
5"' per revolution. Add 4 r 2° 28' 49", the mean at epoch. 
(See verses 10-11 below for btja correction). 

To get the Sighra of Mercury, multiply the days by 
100 and divide by 8797. Revolutions etc. are got. Add 
4J"' per revolution. Add 4 r 28° 17' 0", for the sighra at 
epoch. (See verses 10-11, below for btja correction.) 

To get the Sighra of Venus, multiply the days by 10 
and divide by 2247. Revolutions etc are got. Add 10|" 
per revolution. Add 8 r 27° 30' 39", the sighra at epoch. 
(See verses 10-11 below for bija correction). 

Note i. I follow TS’s emendations, except in vese 6. 
where I have read as instead of their 
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which is meaningless. But their meaning, 20, is all right. 
In 7, the word can stand, and need not be emended 
as done by them. 

Note ii. The word mat with reference to Mars, 
Jupiter and Saturn is mean planet in modern parlance, 
and sftsr with reference to Mercury and Venus is mean 
planet according to modern terminology. 

Note iii. How to get the days from epoch has 
already been explained, and it should only to be brought 
to the midnight following, to be used here. 

Example 1. Find the mean Mars at 1,20,553 days 
from the midnight following the Romaka epoch, which 
is the epoch given for the star-planets. 

1,20,553 * 687 = 175 revolutions, 5 r 21° 52' 40" 

The revolution correction = 175 X14"'= -f 41" 


Ksepa or mean at epoch 

= 2* 15° 35' 0" 

Mean Mars at required date 

= 8* 7° 28' 21" 


Example 2. Find the Slghra Venus at 1,20,553 days 


for epoch;. 

w 

»-- j - 

1,20,553 X 10* 2247 = 536 revolutions. 

6 r 

2° 19' 23" 

Revolution correction=536Xl0£" 

- + 

1° 33' 48" 

Sighra at epoch 

= 8 r 27° 30' 39" 

Slghra of Venus at 1,20,553 days 

= 3' 

1° 23' 50" 


Note iv. The rules given to find mean planets 
etc. depend on the fact that there are approximately 
100 revolutions of Jupiter in 4,33,232 days, one revolu¬ 
tion of Mars in 687 days, 1000 revolutions of Saturn in 
1,07,66,066 days, 100 Sighra (truly mean) revolutions of 
Mercury in 8,797 days and 10 of Venus in 2247 days. The 
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revolution corrections make these exact. The epoch 
constants are the means at epoch. 

Note v. From the rules given we can reconstruct the 
yuga cycles of the original Saura-siddhanta, of which the 
Saura of the PS is a karana, and from these the epoch 
constants. These we shall do now. The yuga days of 
the original Saura are 1,57,79,17,800, as computed from 
the short Saura-yuga given in I. 14, from which it can 
be computed that in 1,80,000 years there are 6,57,46,575 
days, since the yuga is 43,20,000 years, being 24 times 
the short yuga. 

We might now verify, by calculation, the yuga 
revolutions ( yuga-paryaya) and epoch constants {ksepa) 
of the several planets. 

Jupiter: Yuga revolutions 

1,57,79,17,800x100 4,33,232 = 

3,64,220 rev., 0 r 17° 25' 1" 
Revolution correction = 

3,64,220X10"' =-16° 51'43" 

.*. The number of rev. etc. in the yuga = 

3,64,220 rev., 0 r 0° 31'18" 


The error in the Karana method is 31' 18" in 43,20,000 
years, which is negligible when we consider that the rule 
is given in a karana, which is not intended to be used 
for such a long period. The yuga revolutions 3,64,220, 
is indeed that given in the original, as seen from the 
Ardharatrika-paksa and Bhattotpala’s PaulUa, and 
Khandakhadyaka. 

Epoch constant {ksepa) for Jupiter 

The epoch is 427 Saka, i.e. 427 + 3179 = 3606 years 
from zero Kali, i.e. midnight. —3 nddis, 9 vinddis. For 
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3606 years the motion is 3,64,220 X^j^q + 1200 x 600 ) 

= 304 rev.. O' 8° 6' 36" 
Subtracting the motion for 3 nadis, 

9 vinadis —16" 

Jupiter’s epoch constant got = 0 r 8° 6' 20" 

This is exactly what is given above in verse 6. 

Saturn: Yuga revolutions 

1,57,79,17,800 X 1000 - 1,07,66,066 = 

1,46,564 rev., 0* 3° 26' 12" 
The cycle correction = 1,46,564 X 5"' = — 3° 23' 34" 

The yuga cycles got = 1,46,564 rev., 0 r 0° 2' 38" 


This is indeed the yuga cycles given in the Ardharatrika- 
paksa etc. neglecting the small error of 2' 38" accumula¬ 
ting in 43,20,000 years, due to the karana roughness. 

Epoch constant for Saturn 

1,46,564 (j200 + 100l020o) = 122 rev> 41 2 ° 28 ' 55 " 
Deducting for 3 nadis, 9 vinadis — 6" 

The epoch constant got = 4 r 2° 28' 49" 


Mars: Yuga revolutions 

1,57,79,17,800 687 = 22,96,823 rev. 6 r 29° 4'59" 

Rev. correction = 22,96,823x14"'=+428° 52' 5" 

.'. Yuga-cycles = 22,96,823 rev. + 11 r 27° 57' 4" 


= 22,96,824, in round numbers.lbeing short only by 2° 3', 
negligible in the long period. We see agreement with the 
original. 
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Epoch constant for Mars 

The epoch constant is 22,96,824 ^j^q 4- goo >< 120 b) 

- 1917 rev., 2' 15° 36' 43" 
For 3 Midis, 9 vinddis — 1'39.5" 

, less 1917"' -5 — 6" 

The epoch constant = 2 r 15° 34' 58" 


There is agreement. 

Mercury: Yuga revolutions 
1,57,79,17,800 X 100 -f- 8997 = 

1,79,36,998 rev. ll r 21° 41' 33" 
Rev. correction = 1,79,36,999 X 44"' = + l r 13° 41' 15" 

The yuga cycles = 1,79,37,000 rev., 0 r 5° 22' 48" 


There is fair agreement with the Ardharatrika-paksa etc. 
with an excess of 5° 22' 48" in the yuga, which need not 
be considered great in a karana rule. 4 7/16 instead of 
44"' would have taken this difference also into account. 

Epoch constant for Mercury 

l,79,37,000(j2oo + 600 X 120o) = 

14972 Rev., 4* 28° 30' 0" 
Subtracting for the excess 3 nddis, 9 vinddis — 23' 53" 

For 1/16 repeat the correction H- 16" 

Epoch constant = 4 r 28° 17' 23" 


Here the constant seems to have been given to the near' 
est minute. 
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Venus: Yuga revolutions 

1,57,79,17,800 x 10 + 2247 = 

70,22,331 Rev., 1' 8° 55' 54" 
Revolution correction = 

70,22,331 X 10| = 56 Rev., 10* 21° 47' 52" 

yuga cycles = 70,22,388 0' 0° 43' 46" 


There is a small error of 43' 46", negligible in the long 
period of yuga , due to the karana rule. 10 85/178 would 
have been very correct. 

Epoch constant for Venus 

Epoch constant, 70,22,388^-^ + 60 0~x 120o ) ~ 

5861 rev., 8 r 27° 35' 38" .4 
Less for 3 nddis, 9 vinddis — 5' 2" 

Extra in the correction + 2' 4" 

Epoch correction (in full agreement) = 8 r 27° 30' 39" 


In the sun, moon, Rahu, and moon’s apogee too we 
see such exact agreement with the Ardhardtrika-paksa, 
Khandakhddyaka and Bhat totpala-quoted PaulUa, from 
which we can conclude that the source of VM’s Saura is 
the Old Saura Siddhdnta. 

3Ttf$5rV«Jr: 

srprocergm: n 10 h 

ft#, 3^ *ar(5t!ir)f»rcragcrT \ 

5Tl«n: irjftrfow *wn: n 11 || 
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‘Deduct 10" per year from mean Jupiter. Add 17" 
per year to mean Mars. Add 7per year to mean 
Saturn. Add 720" per year to the Sighra (‘mean t 
according to modern parlance,) of Mercury. Subtract 
45" per year from the Slghra (modern ‘mean’) Venus. In 
addition, subtract 1400" or 23' 20", constant, from 
Jupiter’s mean. 

Note 1. I follow TS’s corrections. 

Note 2. These corrections are obviously VM’s own, 
to secure agreement with observation, because VM sees 
the Saura used widely for almanac making (besides 
himself being its follower) and uses these bija corrections 
to the Saura. Being VM’s own, we cannot verify the 
numbers used, but we can compare these corrections 
with those given by the followers of the Aryabhatiya 
belonging nearly to his time. Note how close they are, 
and commend the tendency to observe and correct, 
instead of blindly following the masters. 

The Kerala school following the Aryabhatiya gives 
the famous Vdgbhdva correction : 

^grfTT srf^cft vn^§rq || 

(Katapayddi notation is used here.) According to this, 
the corrections per annum are for Mars + 11.5", for 
Mercury +105", for Jupiter —12", for Venus —39", and 
for Saturn + 5". See that these compare well with VM’s. 

Example: Give the bija corrections for Mars and 
Venus at 1,20,^53 days from epoch. 

This is 330 years. 

28 
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The correction for Mars => 330 X 17" (positive) = 
+ 1° 33' 30". The correction for Venus = 330 X 45 
(negative) -- —4° 7' 30". 

Thus bija -corrected mean Mars of date is 8 r 9° 1' 51", 
and bija -corrected Venus, 2 r 27° 16' 20". 

sm: fltnjr: ii XVII. 1 

‘For the other planets (i.e. other than Mercury and 
Venus, viz., for Mars, Jupiter and Saturn), the sun is 
their sighra. The epicycles of equation of the apsis of 
Mars etc. are twice, 35°, 14°, 16», 7°, and 30°, (i.e., of 
Mars 70°, of Mercury 28°, of Jupiter 32°, of Venus 14° 
and of Saturn 60°.)’ 

Note 1. I follow TS’s emendation in 
But I read fjn as and not sttrr, like TS, because 

is nearer the given reading and also 14° is the 
epicycle given in the Ardharatrika-paksa etc. Five 
matrds are wanting in the last foot, and it must be 
supplied with some such words as wmt:, as all ’numbers 
are already given. But TS make it and, 

strangely enough, translate it as 24, confusing the 
'addition’ mentioned by themselves for ‘subtraction’, 
(However, on page XXIII of the Introduction Thibaut 
gives the correct 60°, 30° x 2 = 60°.) 

Note 2. The first foot is to be read with verses 
7 and 8 of chap. XVI where the sighra of Mercury and 
Venus have already been given. Properly speaking, the 
matter in this foot should have been given in chap. XVI. 

$n 2 n 
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‘6, 11, 8, 4, 12, multiplied by 20, Mars’s being less 
by 10°, (i.e. 120°, 120°, 160°, 80°, and 240°) are the apogee 
positions of Mars, Mercury, Jupiter, Venus and Saturn.’ 

Note 1. I follow TS’s emendations. TTffnRraTWHrr: 
does not make any sense. But the meaning is obvious, 
it must mean apogee positions. Some drastic emendation 
of the word can be made to give this meaning, but I am 
against such an emendation. 

Note 2. These positions agree with those given in 
the Ardhardtrika-paksa etc., as also in the Aryabhatiya. 
The correct positions according to modern astronomy are 
128°, 234°, 170% 290°, and 244°, respectively. 

Note 3. The apogee 80° for Venus and the epicycle 
14° are the same as given for sun. The apogee position 
80° given is near the perigee position of modern 
astronomy, so far away. We shall explain this under 
verses 10-11a, below. 

sftsrqfroiqgfati: 

iwto ^r(*sr)qsr(fq)- 

w(nr:) *sr$crr: frsrrftar*! n 3 n 

‘The degrees of epicycles of conjunction of Mars is 
234, of Mercury 132, of Jupiter 72, of Venus 260, and 
of Saturn 40.’ 

Note 1. I have generally adopted TS’s corrections. 
But the text is corrupt in the third foot, and TS’s correc¬ 
tion itself wants one matrd. I would read the third and 
fourth foot thus: 

q^rerctar raw i 

This would follow the original work. 

Note 2. The values agree with the Ardhardtrika- 
paksa, Khandakhadyaka and Bhattotpala-quoted-Pau//sa 
group, as to be expected. 
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Verses 4-9 give the method of computation of true 
planets. 

ctctTct: 

qfvqr:(^t:) crar(%)% e qq r%r^r: 11 4 n 

sqTem 

^r<T^T:(^) II 5 II 

*s?) c i^STq I 

f rfro* 5ftEt%^^5it^ ii 6 ii 

H«JM ct^t tpmj 

qfcJT *q 

?T?JT^rq ii 7 ii 
m-*n^gd(f0fl5frar 

^cr(a)¥W^siT|q(ifr) ^iqi^i 

q&sit ns^;?3[sm^ 'I 8 ii 

a M ^H?qmqf(^a) 

sflsmj.srsrHq ^feRfirq i 
srtfsfq^ic^Ca^ror 

*$2wsqT*wta(^) n 9 ii 

The first step : 

‘Deduct the mean from the sighra. If the remainder 
(called Ughra-kendra ) is within 90°, sin. stghra-kendra is 
called bhuja, and sin (90° — iighra-kendrd) is called koti. 

If sighra-kendra is more than 90° and less than 180°, 
subtract it from 180°. Taking this as the Ughra-kendra' 
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sin. Sighra-kendra is bhuja and sin (180° — Sighra-kendra) 
is koti. If Sighra-kendra is more than 180° and less than 
270°, deduct 180° from it and take this as Sighra-kendra. 
Sin. sighra-kendra is bhuja and sin. 90°— Sighra-kendra is 
koti. If Sighra-kendra is from 270° to 360, deduct it from 
360° and take its sine as the bhuja and sin 90°— Sighra- 
kendra is the koti. (The bhuja of manda-kendra is to be 
found in the same way using manda-kendra in the place 
of Sighra-kendra .) 1 

The bhuja and koti must be multiplied by the planet’s 
epicycle of conjunction and divided by 360. Thus 
transformed, they are called bhuja-result and koti-result 
pertaining to the equation of conjunction. If the Sighra- 
madhya is from 270° to 90°, the koti-result is to be added 
to 120 (the R. of the PS). If Sighra-madhya is from 90° 
to 270°, the koti-result is to be subtracted from 120. 
Square this and add it to the square of the bhuja-result. 
Find its square root, and by this divide 120 X bhuja- re suit. 
Find arc-sine of this. Subtract half this from the 
longitude of apsis if the Sighra-kendra is from 0° to 180°. 
Add if from 180° to 360°. 

Second step-. Half rectifying the apogee position, 
thus, deduct it from the mean. The result is to be used 
as the anomaly of the apsis in the second step. As we 
find the bhuja of the anomaly of conjunction ( Sighra- 
kendra ), so find the bhuja of the anomaly of apsis. 
Multiply the bhuja by the manda epicycle and divide by 
360 and get the transformed bhuja-result of the apsis. 
(This is sine equation of the centre.) Find its arc-sine. 
Add half this arc to the half rectified longitude of apogee 
if the anomaly of apsis is from 0° to 180° and subtract if 
180° to 360°. Thus the apogee is rectified completely. 

1." In modern usage, for all the above we can simply say sin. 
Sighra-kendra is the bhuja and cos. Sighra-kendra is the koti 
without taking into account the sign + or —. 
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Third step : Subtract this rectified apogee from the 
mean and thus get the anomaly of apsis. Find its bhuja 
and multiply it by the epicycle of the apsis and divide 
by 360°. The bhuja-result, (this is the equation of the 
centre), is got. Find the arc-sine of this, and subtract 
the whole of this are from the mean of the anomaly of 
apsis is from 0° to 180°, and add if from 180° to 360°. 
The result is rectified mean. 

Fourth step : Deduct the rectified mean from the 
sighra. The anomaly of conjunction is got. Find the 
bhuja and koti of this in the same manner as we did in 
the first step. Multiply the bhuja by the epicycle of 
conjunction and divide by 360°. Sine anomaly of conj. 
is got. Multiply the koti, i.e., cos. anomaly of conjunc¬ 
tion, by the epicycle of conj. and divide by 360°. The 
related cosine is got. Add this to 120 if the anomaly is 
from 270° to 90° and subtract from 120 if from 90° to 270°. 
Square this, add the square of the Bhuja (i.e. equation 
of conjunction) and find the square root. Divide the 
equation of conj. X 120 by this square root. The arc 
sine of this is the result. Add this result to the rectified 
mean if the anomaly of conj. is from 0° to 180°. Subtract 
otherwise. The geocentric true planet is got. 

Note 1. In verse 4, I follow TS’s reading, except 
that I have emended *nF«jr: into qirfa: instead TS’s 
because my reading allows us subtraction or addition, as 
is wanted. In verse 5, I follow TS, except in the second 
foot, where I give the Bfhatsamhita reading. Either 
reading gives the same sense. In verse 6, I follow TS, 
except in the second foot, where I have given vri'Wr for 
as being more likely. But the meaning is the 
same. In verse 7, the text requires no emending, and 
TS’s is unnecessary. In verse 8, like TS, I have 

corrected ga: into jar but I have also corrected *rrf into 
sup; which is required by grammar. In verse 9, I Have 
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corrected into jjwnmf, which is the reading of the 

other manuscript. Otherwise I follow TS. 1 

Note 2. VM here, as elsewhere in the PS, uses 
his tabular sines, where R is 120', as given in chap IV. 
So we must use his tabular values to get the R sines and 
R cosines. Of course, we may use the modern table, or 
the Siddhantic table with R = 3438. But there the R, 
1 for the modern tables, and 3438, for the Siddhantic 
tables, is to be used instead of 120', which is instructed 
here. (VM uses bhuja to mean sine and koti to mean 
cosine, instead using the word jyd). 

Note 3. The method is the same as what is found 
in the Later Surya Siddhanta, with some changes for 
convenience. But in the matter of the number or order 
of the steps, the Aryabhatiya and the Siddhanta-Siromani 
differ. This is because, correctly speaking, the first two 
steps are useless, and the last two steps alone are 
necessary. In essence, the third serves to get the true 
heliocentric position, and the fourth to convert the 
heliocentric position into geocentric. The earlier steps 
are in the fond hope of getting correct positions agreeing 
with observation, while the real trouble is in the inexact 
parameters followed by the Siddhdntas. 

Note 4. The second and third steps are merely akin 
to finding the equation of the centre and applying to the 
mean. The first and fourth steps are conversion of 
heliocentric to geocentric positions, neglecting the 
latitude, which is small, and does not affect the result 
much. 

Example 1. Find the true, i.e. geocentric, Mars at 
1,20,553 days from epoch, given : 

Mean Mars, already found with bija corr. 8* 9° 2' 

Sighra Mars = mean sun of date= 0 17 18 
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Aphelion (apogee) of Mars assumed, 


3° 20° 

(for 120° given) 
Epicycle of apsis = 70°, Apsis of conj. = 234°. 

First step: Anomaly of conj. = 

Sighra—mean = 17° 18'—8 r 9° 2' 

= 128° 16'. 

This is more than 90° and less than 180°. 


So, subtracting from 180°, bhujcimia is 51° 44', 
kotiamsa = 38° 16' 

Bhuja = 94' 2". koti = 74' 17". 

Bhuja result = 94' 2" X 234° - 360° = 61' 14" 

Koti result = 74' 17" x 234° - 360° = 48' 17" 


As anomaly of conj. is between 90° and 270°, this is 
subtractive from 120'. 


.-. 120'—48' 17" =71' 43". 

120' X bhuja-result * V 71' 43"* + bhuja-resulf 
120' X 61' 14" 


- ^71' 43" 2 ^F61M4" 3 
Arc for 77' 55" - 40° 30'. 
\ arc - 20° 15' 


= 77' 55" 


Subtracting from aphelion (since anomaly of conj. is 
from 0 C to 180°) 110°-20° 15' = 89° 45', which is the half 
corrected aphelion. 


Second step : 

Anomaly of apsis = 249° 2'—89° 45' = 150° 17' 
This is more than 90° and less than 180°. 

So, Bhuja degrees = 20° 43'. Bhuja = 42' 24", 
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Bhuja result (i.e. eq. of the centre) =* 42' 24" x 
70° / 360° = 8' 15". 

Arc for this = 3° 56'; \ arc = 1° 58'. 

This is additive because An. of apsis is between 
0° and 180°. 

Half rectified aphelion 4* 1° 58' — 91° 43' = full 
rectified aphelion. 

Third step : 

The corrected anomaly of apsis = 249° 2'—91° 43' = 
157° 19'. The bhuja degrees = 22° 41'. Bhuja = 46' 27". 
The Bhuja-result = 46' 17" X 70° / 360° — 9' 0". Arc of 
9' 0" — 4° 18', deductive because an. of apsis is between 
0° and 180°. 

Mean—arc = 249° 2'—4° 18' = 244° 44' is corrected 
(for eq. centre). 

Fourth step : 

An. conj = 17° 18'—244° 44' = 132° 34'. Bhujdmsa 
= 180° -132° 44' = 47° 26', kotiamsa = 42° 34'. Bhuja = 
88' 20", koti =81' 8". Bhuja-result = 88' 20" X 234» 
- 360° - 57' 25". Koti result = 81' 8" x 234° - 360° = 
52' 44". 

As An. of conj. is in 270° to 90°, this is deductive 
from 120 '. So, 120'-52'44" = 67 ' 16". 120' X bhuja- 
result ^ o/bhuja result 3 + 67' 16" 3 = 77' 32". 

Arc of this taken as sine = 46° 16', additive because 
An. conj is from 0° to 180°. 

So, corrected mean arc = 244° 44' + 40® 16' = 
285° 0' = geocentric true Mars. 

Example 2. Find geocentric Venus at 1,20,553 days 
from epoch, given ; 

29 
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The ilghra of Venus = 2' 27° 16' 20" - 87° 16' 

Mean Venus == mean sun == 17° 18' 

Aphelion of Venus = 2* 20° - 80°. 

Epicycle of conj. of Venus = 260. 

Epicycles of the apsis = 14°. 

First step : 

An. conj = 87° 16'-17° 18' = 69° 58'. 

The bhuja degrees = 69° 58'. Koti degrees = 20° 2'. 
Bhuja = 112' 42". Koti =41' 5". 

Bhuja-result = 112' 42" X 260° -r 360° = 81' 24". 
Koti-result = 41' 5" X 260° -*■ 360° = 29' 40". 

An. conj. is between 270° and 90°. So the koti- 
result is additive to 120'. 

So 120' + 29' 40" = 149' 40". 

Bhuja-result x 120' -4- V 81' 24" 3 -f 149' 40" a = 57 " 20'. 
Arc 57' 20" = 28° 33'. Half arc = 14° 17'. 

This is subtractive to aphelion (as An. conj is from 
0° to 180°.) 

80° — 14° 17' = 65° 43' = half corrected aphelion. 
Second step : 

An. of apsis = mean — half cor. aphelion = 17° 18' 
— 65° 43- = 311° 35'. 

The bhuja degrees are 48° 25'. 

Bhuja = 89' 44". 

Bhuja result = 89' 44" x 14° -*■ 360° = 3' 29". 

Arc. 3' 29" = r 40'. Half arc = 50', subtractive as 
an. conj. is from 180° to 360°. 

Corrected aphelion = Half corrected aphelion — 50' — 
65° 43’ - 50' = 64° 53', 
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Third step : 

An. of apsis — mean corrected aphelion 

= 17° 18' — 64° 53' = 312° 25'. 

Bhuja degrees = 47° 35'. Bhuja = 88' 33". 

Bhuja-result = 88' 33" x 14° - 360° = 3' 27". 

Arc sine 3' 27" = 1° 39', additive as An. of apsis is 
180° to 360°. 

So, mean Venus + arc = 17° 18' + 1° 39' = 18° 57' 
is the eq. cent, corrected mean. 

Fourth step : 

An. conj. = Slghra — corrected mean 
= 87° 16' - 18° 57' = 68° 19'. 

Bhuja degrees = 68° 19'. Koti degrees = 21° 41' 
Bhuja =111' 29". Koti = 44' 19". ' 

Bhuja-result =111' 29" X 260° - 360° = 80' 31" 
Koti- result = 44' 19" x 260° - 360° = 32' 0". 

As An. conj. is from 270° to 90°, additive to 120'. 

. So, 32' 0" + 120' = 152' 0" 

Bhuja result x 120 V Bhuja-result 9 + 152 2 = 62' 12"* 

Arc sine = 62' 12". Half arc = 31° 14', additive as 
an. conj. is 0° to 180°. 

Geocentric true Venus = 18° 57' + 31° 14' = 50° 11'. 

In verse 11, below VM requires us to subtract 67' 
or 1° 7' constant, as btja- correction, after all work is 
over. 

Geocentric True Venus = 50° IT— 1° 7' = 49° 41'. 
sm 3 sftarfa&rc I 
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3Tt| 

S«m(5^sqw0 fq'raji 10 11 
sp;fq 5T3«rfe( ^rfs) : 

~ sfam: ^rtecreq(*tr)q II1 la ii 

10. All star-planets are (geocentrically) made true 
in the above manner. But in the case of Mercury, this 
additional work is to be done : Subtract its apogee from 
the slghra, and using the sun’s epicycle, find the bhuja- 
result and apply it to the mean Mercury (which, of 
course, is the same as the sun’s), with the addition or 
subtraction done, as the sun’s bhuja- result is additive or 
subtractive. 

11a. From Venus, subtract 67', constant, after all 
the earlier sptuta work instructed has been done. 

Note 1. The reading is better as it is, and 

T.S. need not have corrected it into The reading 

is deficient by two syllables. Lalla’s reading 
supplies these and makes the meaning more clear. So 
I have adopted it. TS’s emendation with 

added for the two mdtrds wanting, is not different in 
meaning from Being an arbitrary rule, we cannot 

decide which gives the original meaning, 5%s%q^or 
But since Lalla’s reading is not defective, at least as far 
as the mdtras are concerned, I have adopted it. Also, 
it is clear that it is not a substitute for any of the four 
steps because, if so, the separate epicycle for Mercury 
will be useless. 

Note 2. It is clear that the rules given here are 
VM’s own, to secure, in his opinion, better agreement 
with observation, because they are not given in the 
Ardhardtrika-paksa etc. and the original four steps are all 
in line with them, as also the Modern Silrya Siddhanta 
and Siddhanta Siromani. 

Note 3. The whole work of finding the true 
positions, especially of the star-planets, is defective in 
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Hindu astronomy in that the equation of the centre of 
Hindu astronomy neglects the second, third, etc. terms, 
which is considerable in the case of the moon. Mars, 
Saturn and Mercury, in which last case the second term 
is as large as 3°. In the case of Mercury and Venus it is 
applicable to the sun, instead of their Sighra which is 
really their mean. In the equation of conjunction, the 
sun’s true distance from the earth, and true longitude 
should be used, instead of the mean distance and mean 
longitude, as is done by Hindu astronomy. On account 
of these defects, computation does not agree with 
observation, and all sorts of hotch-potch rules are given 
in different astronomical works. The disagreement 
among themselves would itself show that they are beside 
the mark. When these defects are remedied, the third 
and fourth steps alone would be necessary, the third step 
giving the heliocentric true planet, and the fourth step 
converting the heliocentric position to the geocentric. 

Note 4. , In the case of Venus, there is another kind 
of defect. Its maximum eq. of cent, being small, it is 
confused with the sun’s, and the sun’s epicycle and 
apogee are given to Venus also. While its aphelion 
position is 290° according to modern astronomy, its 
apogee is given as 80°, the same as the sun’s. 
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Table I 

Heliocentric Star-planets at Epoch, 
(for mutual comparison) 


Planets 

Modern 

astronomy 1- 

2 ! 
5. 

. 2 ' 
•g c 
-2 P 

^3 .is 

Sit* 

Later 

Surya 

Siddhanta 

Earlier 
Surya 
Siddh. 
of PS 

Vdsiftha- 
Pauliia 
of PS 

Interpola¬ 
tion of ^ 
PS xviii 

Mercury 

151° 

1484° 

166°* 

! 

148° 


1614° 

Venus 

269° 

268i° 

264° 

267° 

2694° 

2694° 

Mars 

75° 

764° 

78° 

754° 

834° 

834° 

Jupiter 

9° 

(VI0 
y 2 

9° 

8° 

12° 

9° 

Saturn 

122° 

122° 

1234° 

122|° 

i 

120° 

118° 


For values in column (5) see the papers ‘Vasigtha- 
Paulisa epoch constants’ (pp. 201-5) and ‘Mars’ (above). 
All values have been computed by me. 


* This needs explanation: Perhaps the reading is surydsvi in 
Surya Siddhanta I. 31, which will reduce the degrees by 12. 
But the commentator Ranganatha takes it as sunyartul}. 
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SAURASIDDHANTA OF PANCASIDDHANTIKA 231 



57 1 HjdxrLtmlcjaL 


3>iven have been converted into ordinary days. 



232 


COLLECTED PAPERS 


R&t: || lib ii 

lib. The times from the beginning of the 
retrograde motion to its end and the follow up period 
can be found by the daily motion (being negative,) during 
this period, and the convention regarding these. 

Note: The terms vakra (retrograde) and anuvakra 
(follow-up at the end of retrograde) are technical. They 
are eight in number according to the Surya Siddhanta, 
(given by the verse): 

sisETferePET fifesrr JT-qr ent i 

cun sftsrcm sftar sr^WTrrgsiT »rf?r: ll 

The generally given reading is wrong in my 

opinion and I have read it as and siRraqft has 

taken the place of in the verse. The expression 

in the next verse makes it clear. 

Generally the near ones are subsumed into one 
another. But in the case of Mars VM gives all these 
eight and their degrees and periods, (See paper, ‘ Vasistha- 
Paulisa Mars in VM’s P.S.’ above, pp. 169ff., under 
verses 33-34). 

fe(f^)?afere(s;)w 

5Tf?a (delete) W 1ST: ll 12 n 

12. The heliacal rising and setting of the moon. 
Mars, Mercury, Jupiter, Venus and Saturn are when 
their elongation (from the true sun) are 12°, 17°, 13°, 
11°, 9° and 15°. 

Note 1. I generally adopt TS’s readings. But 51 % 
is extra, and evidently a mistake which has crept into 
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TS’s reading. To make up for this they have removed 
5$, which is necessary, and this emendation has spoiled 
the correct agreement with other Siddhantas. 

Note 2. These are time-degrees, i.e. time expression 
degrees ( kalabhdga ) and are arbitrary in essence, and 
depend on the keenness of the observer’s eyesight, as 
also the atmospheric conditions. The Later Surya 
Siddhanta gives 10° and 8° for Venus at superior and 
inferior conjunctions, and 14° and 12° for Mercury, 
respectively, while the Surya Siddhanta here and some 
others give the mean of each. (The Mahdbhdskariya 
gives even 4° or 4£° for Venus at inferior conj. and 8° at 
superior conj.) 

qp?t«fT(*TT) 

fa%<Tt*rO : n)aj sfteM n 13 ii 
fsrsnTsft sRorfcctr 

T^(^)?i)*T«TkTg(«Tt*T5T)fg%<T: II 14 || 

13. Add one eighth of itself to the R (120 ) sine of 
(mean planet—apogee,) in the case of Saturn, Jupiter 
and Venus. For the two others, (i.e.. Mercury and Mars) 
subtract one fourth of itself. (This is one part of 
latitude). There is another part of latitude using the 
Anomaly of conjunction. 

14. From the R sine anomaly of conjunction of 
Jupiter,. Mars and Venus subtract one fourth of itself. 
From that of the rest, (viz.. Mercury and Saturn), add an 
eighth. Add both algebraically and note the direction, 
north or south. Multiply this by R (i.e. 120') and divide 
by the hypotenuse got in the last step. The latitude is 
got, its direction being that of the noted direction, 

30 
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Note 1. This is a peculiar primitive way of finding 
the latitude of the star-planets. It is not found in the 
allied Khandakhadyaka and the quoted part of the 
Bhattotpala-quoted Paulisa. It is found in Aryabhata’s 
Ardhardtrika-paksa given in the Mahabhdskariya (VII. 
28-33). But there are some differences between the two, 
and we cannot decide which follows the original Saura 
here, and which has slightly modified the original. They 
both mention two kinds of latitudes for each star-planet 
which are to be added algebraically. But there is a 
difference in the maximum latitudes and in the ascending 
nodes to be subtracted from the mean longitudes or 
ilghras. VM’s Saura implies the max. latitude 90', 90', 
135', 135', and 135', for Mars, Mercury, Jupiter, Venus 
and Saturn, respectively, to be multiplied by sine anomaly 
of conjunction, and 90', 135', 90', 90', and 135' to be 
multiplied by sine anomaly of conjunction, no separate 
node being given, which means that the apogee itself is 
the node for the one kind of latitude, and the mean 
planet itself for the other. But the Ardhardtrika gives 
only one set of maximum latitudes for both, viz., 90', 120’, 
60', 120', 120°. It gives the nodes, 20°, 40°, 70°, 260°, 
and 150° for the former and 20°, nil, 70°, 260°, and 150° 
for the latter. Govindasvami’s Bhdsya and the Mahd- 
bhdskariya being meagre, does not help us. 

Note 2. By implication, we had better take the 
arguments of the eq. cent, used in the third step for the 
former, and the anomaly of conj. used and hypotenuse 
obtained in the fourth step for the latter. 

Example: Find the latitude of Mars at 120,583 days 
from epoch. 

In the third step of the earlier example, the sine of 
the argument of eq. conj. is 42' 24". As it is Mars, 
deducting a quarter of itself, the latitude is 31' 48", north, 
as this argument is between 0° and^O*. In the fourtfj 
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step, the sine of the argument of conj is 88' 20". For 
Mars one fourth is to be subtracted. So, the latitude 
due to this is 66' 15", again north, since the argument is 
from 0° to 180°. Adding, 31' 48"+66' 15" = 98' 3", north. 

The hypotenuse obtained there, in the fourth step, is 
88' 52". 

98' 3" x 120' -5- 88' 52"' = 132" north, is the true 
latitude of Mars for the day. 

(As it is, this is far from the latitude obtained from 
using the later Siddhantas.) 

Note 3. In XVIII. 57-60 this latitude is used to 
correct the mean elongation given in verse 12, for the 
heliacal setting and rising. For this reason, we shall 
deal with those two verses here, to complete the Saura 

3«nf%fafsr^-qsrr- 

xk & TOPRsrfarsn) H XVIII. 57 a 

STf FS- 



57. Find the R sine of the latitude of the body. 
Multiply the (maximum) half-cam (i.e. the half difference 
between the half day-time or night-time from 15 nddis) 
in vinadis, by this R sine, and divide by 480. Add this 
or subtract this to or from the moon or star-planet if the 
latitude is north or south, according to the proper direc¬ 
tion, i.e. according as the phenomenon (of setting or 
rising), takes place in the west or east respectively. 

58a. When this is done, their setting or rising 
happens according to the interval in degrees between the 
sun. and the planet (given in XVII. 12, or the moon). 
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Note 1. There is a lot of lacunae in verse 57. The 
hsXi-cara-vinddis meant is the maximum for the place. 

is meaningless here and corrected into t 

i.e. according to the direction, but the direction is not 
mentioned. If north latitude, the addition is for the 
moon or planet in the west. Also, if north latitude, the 
subtraction from the moon or star planet is to be done 
for the east. If south latitude, the subtraction is for the 
west, and the addition for the east. These things can be 
got by a little reflection. 

Note 2. The amount of degrees to be applied can 
simply be got by multiplying the degrees of latitude of 
the body by the tangent of the latitude of the place. (The 
equinoctial mid-day shadow of the 12" gnomon 12, is 
tan. latitude of a place.) The amount got is very rough. 

The degrees wanted-Sin. half-corn (i.e., tan latitude 
of place x tan. declination of the sun) x sin (90°—angle 
for heliacal rising), nearly. The last term is neglected 
here, tan. declination is roughly taken as 48', half-corn is 
converted into degrees by division by 10, and the 
conversion into sine-function is applied to the latitude 
of the planet instead of the half-cara, as roughly equal. 

Note 3. This application is what is technically 
called Aksa-dfkkarma. The Ayana-dfkkarma is neglected. 

Note 4. The heliacal rising of the moon, and of 
Venus and Mercury when retrograde, takes place in the 
west. The heliacal setting of the moon and retrograde 
Venus and retrograde Mercury takes place in the east. 
Otherwise, all star-planets set in the west and rise in the 
east. (This Siddhdnta does not envisage the setting or 
rising of Venus and Mercury when retrograde, no 
separate degree for that being given.) 

ii 58 b ii 
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58b. The setting and rising (mentioned in 58a) is 
by 12°, 14°, 12°, 15°, 8° and 15°, for the moon etc. 

Note 1. This has to be taken with verse 58a. The 
degrees given here separately are according to the 
Vasistha-Paulisa, which do not instruct the correction 
due to the latitude of the planet or for even the latitude 
of place ( dksa-valana ). The result will therefore be very 
rough, f 

Note 2. These degrees are necessary, as mentioned 
already, and the correctness of the numbers cannot be 
verified in the absence of the original siddhantas which 
are now lost. But we can guess the probable values as 
we are sure of the relative luminosities of the planets. 
The numbers seem to have been misplaced. They should 
be dvddasa, tithi, manu, ravi, asta, tithi (12°, 15°, 14°, 12°, 
8°, 15° for moon etc.). All siddhantas give 17° for Mars 
instead of 15°. The rest are nearly correctly given, 
according to one siddhanta or other. 

55s*itf smroTT- 

SIT qroq. M 59 II 

59. Multiply the degrees by 300 and divide by the 
vinadis of oblique ascensional difference of the sign rising 
at that moment, (near sunset or sunrise, as the case may 
be), and get the respective degrees. When the distance 
between the sun and the planet is that much, the respe¬ 
ctive setting or rising takes place. 

Note 1. This work is what is known as the con¬ 
version of time-degrees ( kdlabhaga ) into degrees of 
distance on the ecliptic ( ksetrabhaga ). Since the rule has 
to apply commonly to Saura on the one hand and the 
Vasistha-Paulisa on the other, it has been placed last. 
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Note 2. Since the positions of the sun, moon and 
planets are given only on the ecliptic, this conversion is 
necessary to measure distances. 

Sltferc: Hc^rTC I 

fa%qr- 

«rflsnwi»r# $«*¥?* 11 60 n 

60. (The rising takes place in the east when) 
Mercury, Venus, Mars, Jupiter and Saturn are less in 
longitude than the sun, and the sun is less than the moon 
in the opposite direction, (i.e., west). Making the 
computation according to the instruction given above 
using the latitude etc, the phenomenon should be 
predicted. 

Note. The verse is very corrupt. But knowing what 
it is about we can give the meaning, making possible 
corrections. The rising is mentioned here as it is more 
important for application to dharmasdstra etc. But rising 
also envisages setting, with the word ‘less’ taken for 
‘more’, and ‘more’ for ‘less’. 

Example 1. The latitude of the moon is 3° 45' N. 
The maximum half-cara of the place is 150 vinddis. The 
oblique-ascensional difference of the rising sign is 280 
vinddis near sunset. Find the ecliptic distance between 
the sun and moon for the heliacal rising of the moon . 

The time-degrees for the moon is 12°. The heliacal 
rising of the moon takes place in the evening. R sin 
3° 45' X 150 * 480 = 7 |§ X 150 480 = 2° 23'. 

This is additive since the moon’s latitude is north, 
and the phenomena pertains to the west. Therefore, the 
corrected time-degrees = 14°. 

14° x 300 -5- 280 = 15° is the distance on the ecliptic 
between the sun and the moon, required. 
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Example 2. For the same place, (i.e., max. half- 
cara 150 vinadis ) find the ecliptic distance required for 
heliacal rising, given: the latitude of Mars 1* 15' N. and 
the oblique ascensional difference near sunrise at that 
time is 330 vinadis. 

The latitude correction to the time degrees (17° for 
Mars) = R sin 1° 15' x 150 - 480 = 2' 33" x 150 - 480 
taken as degrees — 48'. 

As the latitude is north, and the phenomenon 
pertains to the east (since it is the rising of Mars that is 
considered), it is subtractive. 

17°—48' = 16® 12' is the corrected time-degrees. 

16® 12' X 300 -f- 330 = 14<> 44', is the distance on the 
ecliptic required. 

swraT- 

(?) i 

3r;griT%r: 

n 61 ii 

«i3rarf(cfra^) h 62 ii 

ss 3tif 


61. For the good of his disciples, Varahamihira, 
born in the Avanti country (Ujjain region), wrote this 
section dealing with the star-planets, briefly and with the 
constants such as to agree with the originals. 

62. A learner, discouraged by the computation of 
Mars by the astronomer Pradyumna, the computation of 
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Jupiter according to the Saurasiddhanta, and the 
computation of Mercury by Vijayanandi, can have 
recourse to this section of the manual. 

63. By Varahamihira has been seen, (i.e., written) 
(this karana ) easy to understand, . 

Note 1. Verses 61 and 62 clearly close the section 
dealing with the star-planets. Since VM says that he has 
improved on the earlier authors, he must be referring to 
chapters XVI and XVII, dealing with the Saura. His 
reference to his improvement on the Saura itself in the 
case of Jupiter must refer to the blja correction made by 
him in XVI. Indeed, his dissatisfaction with the Jupiter 
of the Saura is reflected in his formula for computing 
Jupiter to give the years of the sixty-year Jovian cycle, 
given in his Brhatsamhitd, in the chapter dealing with the 
motion of Brhaspati (Jupiter). As for chap. XVIII he 
could not have meant the Vdsistha-PaulUa star-planets 
there as an improvement, they being crude. 

Note 2. Verse 63 evidently closes the Panca- 
siddhantika, as indicated by the Vasantatilaka metre 
instead of the regular dryd metre. But unfortunately 
the last three feet are missing. Perhaps it is a purposely 
done ‘black-out’ by a later astronomer- scribe, to append 
his spurious verses 64-81, and unfortunately only his 
manuscript has survived as the archetype of the few 
extant manuscripts. 
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AN INTERPOLATION 

That verses 64-81 of Pancasiddhantika (PS) form 
only an appendage to a manuscript of the work is evident 
from its occurring after the work has closed in the 
customary way, with a concluding colophonic verse, 
with its metre changed to Vasantatilakd from the Arya 
metre in which all the previous verses of the chapter had 
been couched and the author speaking about himself in 
the said concluding verse. It is also to be noted that this 
set of verses begin with a new salutation. Had these 
verses really belonged to the PS, the customary finish 
must come at its end, but there are no such finishing 
verses at the end. Further, in verse 65 it is said that 
VM considers this as a superior set containing a previous 
method or matter and that he was giving it, with a liberal 
mind, to the generality of astronomers without hiding it 
from them. But actually it is inferior stuff, and can give 
only very rough results since the equation of the centre 
is dispensed with, only the equation of conjunction 
being given, which makes it valueless. VM is alleged to 
boast here that he has made things easy, and takes credit 
for this which only a novice could have done. Fancy 
VM speaking thus, when in verse 62 he is so intent on 
accuracy that he says, “Let people who have been 
dissatisfied with the inaccuracy of astronomers like 
Pradyumna, Vijayanandi etc. have recourse to his 
treatment of the Saura .” Further, there are mistakes in 
the computation of Venus and Mercury, unpardonable 
in any astronomer. 

These spurious verses are dealt with below for the 
sake of completeness of the text as given in the editions 
of the work. 

31 
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H*?TT%Sfq q ^taT(<T!S*) 

3TR5n(5r)fq q (delete) qfas q: q*l$Rq I 
sqqfq g<JTi(ari)sj 

jpjqrq q*t(q:) qscfenq |l 64 || 

ster^ftilr^r- 

fqrarosrfqfqftq^mffil: i 
qrcT5flT5(q?:THfa) qrT?faf?v> 

fqqRlt: qftnrq n 65 || 

63. Salutation to the good people, ever interested 
in the welfare of others, who even when knowing the 
faults of others, and even when there is an opportunity, 
do not mention their faults, but proclaim their good 
qualities. 

64. In eighteen ary a, verses, Varahamihira, without 
feeling any jealousy, gives this manual to the world, 
ending with the treatment of the planets, thinking that it 
is good. 

Note 1. The emendations are TS’s also. 

Note 2. Verse 64 is a paranomasia and means also, 
“Salutation to the good science of astronomy called 
technically Parahita-ganita (prevalent in Kerala in South 
India), which at the beginning deals only with mean 
motions, though knowing its defective nature as not 
being true motions, and which furnishes tabular values 
of equations going by the names, mandajya (R sine table 
of the equation of the centre), karkijyS (R sine table of 
the equation of conjunction for the anomaly 90° to 270°) 
and makarajya (R sine table of the equation of conjunc¬ 
tion for the anomaly 270® to 90°). 

Since this meaning being not obvious to laymen, 
I give the phrase by phrase meaning: 

qrqrrwt, qrftrcq qtam *ra$d<qifV 

ftarau saursrfa q:qqf%> atqsifa q qqfa, ( 
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301 H 5?n Sf sm% 

j»5EstaffV% nor%^r aw <r*fc 5tounFn% 

<n:fft?rra crrfemforcTrc sn?: TO)s*g n 

Note 3. These two verses also form part of the 
18 verses mentioned. So, actually there are only 16 
verses (66 81), giving the computation. 

STT^Torr^ ^ftmr 

f^cj^Tsat(ffii )thi5j:T ^ : I 

srfiWT 4(v)^r 

«nn n 

66. From the epoch to the time of computation 
of the planet, find the sun’s degrees passed. These are 
to be technically called *days’ (and used in the computa¬ 
tion). Find the remainder after dividing by the cycle 
number given for the respective star-planets. Take the 
'days’ of motion corresponding to the set of motions 
given to the respective planet. These are degrees of 
planetary motion. Add this to the sun’s longitude. The 
true planet is got. 

Note 1. The ‘days’ mentioned here is only what is 
called sauradina (sun’s day) as distinguished from the 
sdvana or civil day, and are actually degrees. (This is 
like the word light-year, which is used as a unit of 
distance). This instruction is given with respect to all 
planets. 

Note 2. The cycle given for each planet is only the 
period of the planet’s synodic revolution converted into 
solar days, i.e , it is the synodic period x 360° 4 - 365- 
15-30, nearly. When so converted, we have : 

Mercury Venus Mars Jup. Saturn 

The regular 

synodic days 115-52-45 583-55 779-57 398-53 378-6 

Converted into 

solar days 114 6/29 575* 768-45 393 1/7 372f 


57 1 HjdxrLtmlcjaL 



244 


COLLECTED PAPERS 


The second set is given for the respective planet, 
saying that the synodic period is so many ‘days’. Not 
knowing this TS have remarked that they do not under¬ 
stand why there is so much difference in the periods 
from the regular days generally known. Also, they say 
they cannot dismiss them as wrong, since the numbers 
given are checked in the computation itself. (See pages 
lx-iii-lxiv of Introduction in TS’s edition). 

Pingree and Neugebaur have understood (as seen 
from their edition of the PS) that the cycles are in solae 
‘days’. But they have remarked that ‘VM’ has confused 
the days and degrees, not realising that there isapurposr 
in giving the cycles in the solar day units. These units 
have been used because, now, the ‘days’ and the ‘degrees’ 
will have the same meaning, and they can be combined 
without, at every point, instructing it. Thus, ultimately, 
the combined value is the degrees of the true planet. 

Example. Days from epoch 1,20,553. Find the 
‘days’, and assuming the sun at epoch as zero, find the 
sun at the end of 1,20,553 days. 

1,20,553 x 360 -r- 365-15* 30 = 1,18,187.5 ‘days’. 

This plus zero, and divided out by 360° - 17°.5, 
sun’s longitude. 

astarer n 67 n 

si (sr) afe: 

WWI I W(5*)f«WK*T srafa: U 68 B 
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sr(5i)«i- 

& ^ *srofs[m:(sn:) I 

3W=ifiraVici: 

ftrsnTSiffr (nflr:) n 69 11 

67. Subtract 6329 from the ‘days’. Multiply the 
remainder by 4 and divide out by 3075. Take the 
remainder and divide by 4. These are the ‘days’ after 
conjunction (i.e., the anomaly of conj.) for Mars. 

68-69. After 56 ‘days’ he goes behind the sun by 
15°, and becomes observable, (i.e., the heliacal setting 
ends). In 188, 108, 73, 68, 220, ‘days’ Mars lags behind 
by 60°, 60°, 90°, 50°, 70°, respectively. Then it sets 
heliacally, and in 56 ‘days’ lags 15° behind and goes into 
conjunction. 

Note 1. I generally agree with TS’s emendations. 
But in verse 68, I give ferqr«r: for qzfercic*r%:, which latter 
is both meaningless and has one matra extra. TS’s 
does not agree with the last for the numbers 

should agree or at least nearly agree, ■suferam has 

been emended by me into sic^r and into 

These will not only make the total correct, but 
also bring about agreement with the Siddhantas , which 
all generally agree with the actual as given by modern 
astronomy.- 

Degrees moving 

behind -15° -60° -60° -90° -50° -70° -15° -360° 

‘Days’ given 56 188 108 73 68 220 56 769 

Actual‘days’ 54 188 106 72 75 220 54 769 

The great difference in ‘days’ between the 68 given 
and 75 actual must be explained by their following, pext 
to be retrograde period, where even a large number;, of 
days can produce a very small difference in degrees. So„ 
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correction to whole degrees can produce this difference 
in days. 

Note 2. Verse 67 means that 6329 ‘days’ after 
epoch, there is conjunction, which repeats after each 
synodic cycle. The cycle for Mars is 768f ‘days’. So 
instead of dividing by 768|, we are asked to multiply by 
4 and divide by 3075. To get back the true remainder, 
the remainder here is divided by 4. 

Note 3. (a) In the case of all star-planets the total 
'days’ should be equal to the days of the respective cycle. 

(b) In the case of the superior planets, (Mars, 
Jupiter and Saturn), the degrees are all negative and add 
unto —360°. When the given degree is numerically greater 
than the corresponding ‘days’, (for eg., —90° for 73 ‘days’ 
here) the planet is retrograde. 

(c) The heliacal setting and rising are at the 
beginning and end of the cycle for all. But for the two 
inferior planets. Mercury and Venus, there is another 
setting and rising at inferior conjunction, when the two 
are retrograde. 

(d) The rising and setting are given by observation 
at different regions and different conditions of the 
atmosphere, and therefore vary among the Siddhantas. 

(e) In the case of the inferior planets the degrees 
should add upto zero. When the degrees are positive and 
greater than the days, the planet is gaining upon the sun, 
and the total gain is its elongation. When the degrees 
are less than the ‘days’, the planet is lagging behind. 
When the degrees are negative and numerically greater 
than the ‘days’, the planet is retrograde ahd comes at the 
middle of the cycle, if the cycle begins and ends at 
superior conjunction. 
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Example. Compute Mars at 1,20,553 days from 
epoch. 

The solar days are, 1,20,553 x 360 365-15-30 = 

118,817.5, and the sun is 17°.5, taking the sun at epoch 
as zero, which it nearly is, as already shown. 

118.817.5 —6329= 112,488.5 

112.488.5 x 4^-3075 leaves the remainder 1004. 

1C04 -5- 4 = 251, real remainder of ‘days’. 

During this period we get the movement: —15° in 
56 ‘days’, —60° in 188 ‘days’, and —4° for the 7 ‘days* 
remaining, total —79°. Adding —79° to the sun, 17°.5, 

: True Mars = 298°. 5 

Verses 70-72 deal with Mercury. 
jrstJt^(?w)3foT%s^:i[ii]jjorer% i 

rfa sfangTsw ii 70 n 

^rc^!T»sr: (srcifet:) u 71 tl 

fsraf fftt^( 5 r) 5 «ilsfqr(delete) urflr n 72 n 

70. Subtract 14,681 from the ‘days’. Multiply the 
remainder by 29, and divide out by 3312. T^ke' the : 
remainder and divide by 29. The'days’for Mercury in 
tibe cycle is got. 


fJwn/fficm. ? C.OL.L 
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71. In 10 ‘days’ Mercury falls back by 12®, and 
rises in the east. In 14 ‘days’ more he lags by 9°. Then 
in 18 ‘days’ he gains 9°. Then he sets, and in 30 ‘days’ 
gains 25° arid rises heliacally. 

72. Then in 18‘days’he gains 9°. In 16 ‘days’ he 
lags 12°, and sets in the west. Then in 8 ‘days’ he lags 9°, 
and gets into conjunction. 

Note 1. In verses 71 and 72 my corrections are 
based on the need to conform as nearly as possible to 
reality, and they are also, as far as possible, kept close to 
the text, iarasvih, may also be jalasvih, i.e. 24. The 
values are:— 



l 

2 

3 

4 

5 

6 

7 

Total 

Given —12° s 
degrees vakrasta 1 

i 

1 - 9 ° ) 
1 vakra 1 

f t 

+9° 

+25° I 
(or+24) 1 
asta | 

| +9° 

—120’] 
vakra \ 
j 

| —9* 0* 

I vakrasta 

Given 

'days' 

10 J 

1 14 J 

18 

30 J 

\ 18 

16 J 

1 8 

114 

Correct 

‘days’ 

8 

16 

18 

30 (?28) 

18 

18 

6(?8) 

114 


In columns 6 and 7 it should be —9° and —12*, or 
at least —10° —11° though the text letters are unmistak¬ 
able. 


Note 2. The constant for subtraction, 14,681 shows 
that the planet is in superior conjunction, since the epoch 
position of the planet must agree with that given by 
modern astronomy and other Siddhantas, at least with in a 
few degrees. (See table appended). If so, the Table of 
cycle motions-given should begin and close with superior 
conjunction. But in the Table given, the cycle begins 
and closes with the inferior conj. as can be seen from 
th^ retrograde motion with which the Table begins and 
ends, and'the most rapid motion ( aticdra ) coming at the 
middle. 
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The astronomer of very inferior calibre, Who has 
made this interpolation, has been misled by the two sets 
of heliacal rising and setting in the case of the inferior 
planets. Mercury and Venus. He has wanted to begin 
the motions with the rising in the east and setting in the 
west, to fall in line with others not realising that this 
occurs during its retrograde motion which falls at the 
inferior conjunction coming in the middle. This is 
another proof that VM cannot be the author of this set 
of dealing with the star-planets. (He has committed the 
same mistake in the similar case of Venus, where the 
mistake can be seen glaringly when the true Venus got is 
compared with that of the other siddhantas or modern 
astronomy). If he does want to begin with rising in the 
east and end with setting in the west, he must begin and 
end his cycle table with the inferior conj. and to do this 
he must add to the days to be subtracted half the cycle 
days, equal to 57 3/29 days. (The cycle days =3312 29=^ 

114 6/29). 

Next follows Jupiter, in three verses: 
’tft^a:(delete)fsEu*i5UTf«2l«T:( t 5«iT) 

vrafpff ffstsrr fetcTsfaror: (ftba**?) it 73 ii 

$ct%rr: 

eHrUt sufirar: Tfe II 74 n 

aw 

[snjQTsnwr i 

(a^s*Tir) («?•) n 75 u 

73. Deduct 16,522 from the ‘days’. Multiply the 
remainder by 7 and divide by 2752. Divide the remainder 
here by 7. The ‘days’ from conjunction are go(, 

32 
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74-75. All degrees given are to be subtracted from 
the sun! In 16 ‘daysMie moves 12° a$d rises in the east. 
Then in 54, 70, 49, 88, 40 days he moves 44°, 64°, 120°, 
76°, 32°. Then he sets in the west, moves 12° in 16days 
and joins the sun. 

Note 1. The first foot of verse 73 is faulty containing 
3: matras extra, and corrupt. So it has been corrected. 
The rest of verses 73 and 74 are with TS’s emendations. 
In 75, all emendations are TS’s, excepting those for 
'grammar. 

Note 2: The cycle is 2752 -r- 7 = 393 1/7 days. The 
days and degrees are : 

1 2 3 4 5 6 7 Total 

Degrees -12°-44°-64°-120°-76°-32°-12°-360° 

Given days 16 54 70 109 88 40 16 393 

Near correct days 16 54 70 109 88 40 16 393, 

Venus is dealt with in 3 verses : 

sg:. 11 76 11 

335m f%«gfr(«£T:) 

st[ 11 77 n 

fo^cfKsT’tV) eft fsrsrttfir: 1 

*u(jtai)f?r $rr(^t)«r 11 78 11 

76. Deduct 1,18,122 from the ‘days’. Multiply by 
2 and divide by 1151, Take jthe remainder and- diVid? 
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by 2. We have, the ‘days’ from the conjunction of 
Venus. 

77-78. In 5 ‘days’ Venus lags by 9°, and rises in 
the east. In 15 days he lags 21°. In 64 days he lags 15°. 
In 164 days he gains by 35°. Then he sets in the east. 
Then in 40 days he gains 10°, and joins the sun. Then; 
moving in accordance with the reversed order of the days 
for cycles given, he rises after the days given from setting 
to conjunction d.e, 40 days) in the west, and moves till 
he reaches the setting in retrograde (and getting into 
the inferior conjunction) section. 

Note 1. I have corrected mitlndu into dhytindu for 
agreement with the sun in superior conjunction which 
alone fits. TS’s correction mahindu does not bring 
agreement with the sun either at superior conj. or inferior 
conj. There can be another possible correction matindu 
(mati is 8.). In the 64 days, flanking the retrograde, the 
days may be a little more or less, since a small error of 
observation can produce a difference of a large number 
of days. The lacunae is filled by me with sa-‘pancakas- 
trimSctt’, meaning 35°, to fit the number of degrees wanted 
to make up the total zero, and fitting the number of days 
given. TS’s emendation, kytastabhih will be far from 
fitting ; the total. Moreover, their filling the lacuna by 
sesuh meaning 5° is quite inadequate to make up zero. 
I have emended sastasta/cena into pancastakena, meaning 
5x8 = 40, which will fit the number of days. Also, 10° 
synodic motion there requires 40 days and it is also the 
period from setting to going into superior conjunction. 
sasta is patently wrong spelling, and sastastakena is 
meaningless. But TS keep it, which is wrong. That this 
is the segment of heliacal setting to conj. can be inferred 
from udayati given'Tor the next segment, and 10° for 
heliacal setting and rising at superior conj. is given by 
many siddhdntas. The other minor emendations are 
TS’s. 
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Note 2. 118,122 seems to be a very large subtractive 
constant, equal to more than 300 years, while all others 
are very near VM’s time. But I cannot think of any 
other number to fit. 


Note 3. The maximum elongation is seen to be 45", 
correctly, (cf. Table). 


Degrees —9°) 
vak -1 
r&sta j 

1 - 21 °'l 

1 vakra \ 

1 -15° +35° +10°'] 
1 asta \ 

| +10°1 
1 asta \ 

, +35°-15° —2.°T 
I asta ! 

1 

1^-1 
[ rasta { 

Gven 5 J 

days 

1 i5 J 

1 64 164 40 J 

1 40 J 

1 164 64 15 J 

' 0 J 

Correct 5 

15 

64 164 40 

40 

164 64 15 

5 


days 


Note 4. The remark about Mercury, that the cycles 
begin and end with the superior conjunction according 
to the subtractive constant given, but the motions in the 
cycles begin and end with the inferior conjunction, holds 
in the case of Venus also, showing thereby that the 
author is an ignorant imposter, and cannot be VM. To 
correct the fault, 287f ‘days’ should be added or 
subtracted from the subtractive constant. 

Example. Compute Venus at 1,20,553 days from 
epoch: 

If the subtractive constant given in the text is used, 
1,18,817.5 (already found in the example in Mars) — 
1,18,122 = 695.5. 

This x 2 - 1151 leaves the remainder 240. 

This divided by 2 gives 120 ‘days’ gone in the cycle. 
We have for the first 5 days —9°, and the next 15 days 
—21° and the next 64 days —15° and the remaining 
36 days, 36 X 35 + 164 = 7° 40', totally —37° 20'. Adding 
the sun 17°.5 already found in the example for Mars* the 
.true longitude of Venus is -—20°, i.e. 340 9 . (The example 
in the Saurasiddhanta for the same date has given 48*). 
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The error in Venus, in using this method here, is 66®. 
On the other hand, let us use the cycle order re-arranged 
to begin from superior conjunction. It is 10° for 40 days, 
35° for 164 days etc. We have 10° for 40 days, and the 
remaining 80 days, 80 x 35° 164 = 17®, total 27°. 

Adding the sun, 17°.5, we have, true Venus, 44°.5. This 
is close to the correct 46°. This exposes the ignorance of 
the impostor. 

Saturn follows in the next three verses : 
fa^%5T<5ra<*s«€i%(delete)5i;0Tt 

^f?r[m]rgir«iT(^:) 

sri^ n 79 n 

;rafa- 

?pns|: 

5ti5R3<3q II 80 || 

3tfa3tn...?;sr[3T«TfUr snstifir]- 

srcf?r ita: n 81 n 

70. Subtract 16,518 from the ‘days’, multiply by 3 
and divide by 1118. Take the remainder here and divide 
by 3. The days left over in the cycle are got. In 18 days 
Saturn lags behind by 16§°, and rises in the east. 

80-81. In 98, 14, 113, 98, and 13 ‘days’ he falls behind 
90T\ 13 d , 120<>, 91°, and 12J° respectively. Then Saturn 
sets in the west, and joins the sun passing 16£° in 19 days. 

Note 1. In verse 79, is patently extra, 

forming syllables not required for the foot, and has been 
deleted by me as also by TS. aigrfw: is corrected into sqfg» 
by me, as also by TS to conform to grammar and facts. 
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in the rest of the minor corrections there is no difference 
between our corrections. 

In verse 80, I have retained the fit in while TS 
have made it o, meaning one day, which is not necessary, 
and which leads into trouble later, needing further 
correction. The minor corrections are common to both. 
In 81, I have filled up the lacuna by (r’nsn^r) while TS 
have made it The word is a*{ 5 nr<Tcft and not 

which alone can justify TS’s ...fctfii: Also only 
can mean 12|. but their sredlfc can mean only 6. 1 

have corrected frafe into keeping the. But TS have 
corrected it into making unnecessary changes in 

the lettering, though both of us mean the same. The 
rest of the corrections are minor, and common to both 
of us. 


Note 2. The following is the table of motions: 


Degrees 

found 

a st a > 

i -w 

-13° -120°) 
vakra £ 

-91° 

-12i° 

-16F) 

asta > 

-360° 

Given 

days 

18 ) 

98 

14 

113 ) 

98 

13 

19 ) 

373 

Correct 

18 

98 

14 

113 

98 

13| 

18* 

373 


days 

Note 3. The text ends abruptly without the usual 
verses giving details about the author, his parentage, 
date of writing etc. 

Note 4. The colophon is simply “The star-planets 
of th q Pauliia siddhanta ends". But after this is found 
details about the scribe, his lineage, his time of writing, 
viz. 1673 Vikrama Saipvat, and 1538 Saka* equal to 1616 
AD, and the purpose of his copying the work, (“for his 
own reading and helping others” i.e., other astronomers). 
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THE SAKA ERA OF VARAHAMIHIRA 
(SAlivAhana $AKA)* 


Introduction 

With reference to chronology the word Saka is used 
in two senses : (1) As a common noun meaning any era 
(as for e.g., in the terms Yudhisthira Saka, Vikrama Saka, 
Mdlava Saka, Sdlivahana Saka etc.) and, (2) Asa proper 
noun to mean a particular era called the Saka-kdla or 
Saka Era. Most Indologists believe that the Saka Era is 
the same as what later is generally referred to as the 
Salivdhana Saka which commenced with the month of 
Caitra occurring in 78 A.D., i.e., at the end of 3179 years 
of the Kali Era, for it can be shown that all astronomical 
works and commentaries thereon, wherever they mention 
a Saka Era, mean only the Salivdhana Era, starting, as 
mentioned above, from 3179 Kali elapsed. But some 
like the late T. S. Narayana Sastri, 1 Gulshan Rai, 2 Kota 
Ve'nkatachelam, 8 and V. Thiruvenkatacharya 4 (VT) take 
the word to mean a certain Cyrus Era or Andhra Era, 


* Rep. from Journal of Indian History (Trivandrum), 36 
(1958) 343-67. 

1. Cf. his Age of Sankara, (Madras, 1918), Pt. I, pp, 224ff. 

,2.JCf. his article. ‘The Persian Emperor Cyrus, the Great, and 
the Saka Era’, Journal of the Panjab University Historical 
Society, (JPUHS ), 1 (1932) 61-73, 122-36. 

3, Cf. his Plot in Indian Chronology, (Vijayawada, 1953), 49-51; 

Indian Eras’, Journal of the Andhra Historical Research 
Society, (JAHRS ), 20 (1949-50), 43ff; 21 (1950-52), 61-73. 
122-36. , 

4. Cf. his ‘AyansihSa and Indian chronology: The Age of 
Varahamihira, Kalidasa etc ,’ Journal of Indian History ( JIH) 
28 (1950) I03ff., and ‘The Andhr$ Saka’ JAHRS, 22 (1952-54) 

' 161-8'. 
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which they say, started from 550 B.C.® Kane mentions 
two others of the group: Jagannatha Rao, Age of 
Mahabhara war (1931), C. V. Vaidya starting the Saka- 
kala from Buddha’s nirvana. We now find thatT.S.N is the 
source for all these people, and almost every argument 
used by them is his. In his Age of Sankara he has used 
a Yudhisthira Era of 3140-39 B.C., and a Saka Era of 
576 BC, which he later shifted to 550 B.C. Still another 
view is expressed by K. Rangarajan, who takes it to 
mean an era which commenced from 523/22 B.C. with 
the first Viceroy of India appointed by the Persian 
Emperor.® They also try to show that it never means the 
Sdlivdhana Saka. 1 What astounds us is that even where 
there is clear evidence that Salivdhana Saka is to be 
taken, (in the shape of statements that 3179 is to be 
added to the years gone in the Saka Era to get the years 
gone in Kali) 6 these scholars ignore it implicitly as in the 
case of the Saka kala mentioned by Brahmagupta and 
Bhaskara II. 7 8 9 When this is the fate of such clear 
evidence, we need not be surprised if they identify with 
their alleged Cyrus or Andhra Era, the Saka Era 
mentioned in giving the epochs of karanas (astronomical 
manuals) as in the case of the Pancasiddhdntikd (PS), the 

5. In his Popular Astronomy, (Madras, 1958), pp. 135 , 136 , VT 
has changed to 551 B.C. without assigning reasons therefor. 

6. Cf. Summary of his paper, ‘On the Origin of Saka-kala', 
Proceedings of the Indian Historical Congress, Fifth Session, 
Hyderabad, 1941, p. 164. 

7. In the case of Bhaskara II alone, VT concedes that the 
Saka Era mentioned by him is the Salivahana Saka. 

8. E g., Brahmagupta’s Brahmasphuta-Siddhanta, Madhayamadhi- 
kara, I. 26; Bhaskara l’s Mahabhaskariya, I. 4, and Laghu- 
bhaskariya, I. 4; grlpati’s Siddhantaiekhara, I 25; Bhaskara 
IPs Siddhantaiiromani, Gapita., Madbyama., Kalantana., 28; 
Vaiejvara Siddhanta, Madbyamadhikara, I. 10. 

9. Cf. VT, Popular Astronomy, p. 137; Kota Venkatachelam. The 
plot in Indian Chronology , Appendix, p. xxx. 
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Khandakhddyaka or the Laghumdnasa, or in giving the 
date of a work given by the author, as for instance by 
Bhatfotpala at the end of bis commentary on the 
Bfhajjataka or in inscriptions like the Aihole Inscription, 
or in sundry other places as in the Bfhaisamhitd 1.13, in 
all of which cases the identification has got to be made 
by examining the months and tithis and ksepas mentioned 
therewith. 

The reason why they want to identify the Sakakdla 
with the so-called Cyrus or Andhra Era is this : They 
believe that there was a “plot hatched by European 
Indologists” to post-date by several centuries the ancient 
events of Indian history, and that most Indian Indologists 
have become unconscious victims of that plot. They try 
to show that the Yudhisthira and Saptarsi Eras are every¬ 
where identical, and were actually started 25 years after 
the beginning of the Kali Era. Using this they try to 
show that it is Samudra Gupta of the Gupta dynasty that 
is to be identified with the Sandracottus of the Greeks, 
and not Candragupta Maurya, which latter identification 
has been taken by the European Indologists as the sheet- 
anchor of Indian chronology, and the chronology of the 
dynasties before and after that time is established 
therefrom. Now, the identification of Sakakdla with 
Sdlivdhana Saka stands in their way. Hence their attempt 
to identify it with the so-called Cyrus or Andhra Era 
whose very existence is a matter of dispute, there being 
no evidence for it. 

Most historians have- not taken these people 
seriously, thinking that the very extravagance of their 
claims would be a deterrent to the acceptance of their 
views. But attempts have been made by Professors 
Gulshan Rai and VT to give astronomical and mathema¬ 
tical proofs to show that Varahamihira (VM) belongs to 
123 B.C. and not to 505 A.D., (as he is generally believed 
to be), and thereby that the Sakakdla mentioned by VM 
33 
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is the Cyrus or Andhra Era. 10 They also attempt to show 
that the Sakakala mentioned by Bhaftotpala as stated 
above is the Cyrus or Andhra Era, and therefore the 
Saka year 888 given by him corresponds to 338 or 339 
A.D.; 11 which would mean that Brahmagupta, Aryabhata t 
Bhaskara I etc. must precede this date. The present 
article is intended to expose the hollowness of the above 
theory and to show that the astronomical arguments 
adduced in support of it (which to the lay reader may 
look formidable) are erroneous, and thus knock the 
bottom out of the claims of this set of writers. 

Varahamihira uses the word Sakakdla in a few places 
in his works. 

(1) In the Bfhatsamhiid he says: 

dsan maghasu munayah idsati pjthnm yudhisthire 

nfpatau I 

sad-dvika-paZca- dvi-yutah Sakakdlas tasya 

rdjnai ca // XIII. 3 

“The Sapta-r§is were in the asterismal segment 
Magha when Yudhi$thira was ruling over the earth. Any 
date by the §aka Era plus 2526 gives the time from that 
king, i.e., the date in the Yudhi§thira Era.-’ 

(2) In his Pancasiddhdntika (PS) the following occurs : 

sapta-a§vi-veda-sankhyam Sakakalam apdsya 
_ caitra-sukl&du j 

10. JPUHS I (1932) 124-27; and JIH 28 (1950) 103ff. and JAHRS 
22 (1952-54) 172. Following his change to 551 B.C. as the 
gaka Epoch, in his Popular Astronomy, VT has changed 
VM to 124 B.C. from 123 B C. But the arguments for the 
refutation of 123 B.C. are applicable in toto for the refutation 
of 124 B.C. also. 

11 . JPUHS I (1932) 73 (date given 338 A D.), and JIH 28 (1950) 
123 (date given 339 A D.) In his Popular Astronomy VT , 
has shifted this to 338 A.D. But in his ‘Andhra S*ka’ VT 
gives this date as 340 A.D. ( ib„ p, 173). 
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ardhastamite bhSnau yavanapure 

somadivasadye. // I. 8 //' 3 

“Deducting 427 of the Saka Era, (from the years in 
the Era) at the beginning of the light half of Caitra, 
which falls near sunset at Yavanapura, beginning a 
Monday...” 

(3) Br. Sam. VIII 20-21. This will be discussed, later. 

(4) In Pancasiddh&ntika, XII. 2. but it is not used by 
these scholars. 

In (1), a synchronism is found between the Saka Era 
and the Yudhisthira Era. We shall not discuss this 
synchronism here but rest content with saying that 
whatever be the Sakakala mentioned in (2), it is highly 
probable that the same is mentioned by (1). In (2), it is 
clear, the epoch of the Pancasiddhantika is given as 
427 Saka elapsed, which means the date of the work 
must be c. 427 $aka, and thus VM’s time can be fixed. 
If as VT and others say the Sakakala meant here is the 
Cyrus or Andhra Era of 550 B.C., then the date of VM 
must be 427 years after 550 B.C., i.e, 123 B.C., which 
Gulshan Rai and VT have tried to establish by their 
special arguments. If it is the same as the Salivahana 
$aka, then VM’s date must be 427 years after 78 A.D., 
i.e., 505 A.D. 

Here we do not propose to go into the question 
whether there was a Saka Era beginning from 550 B.C. 
or whether it is necessary to postulate such an era in 

12. Somadivasadye is the reading as emended by the late Dr. 
Thibaut and MM. Sudhakara Dvivedi in their edition of 
the PS. From the two manuscripts of the work available 
from the edition and from quotations elsewhere, four 
readings are known: satimya-divasadye, bhaumya-divasddyah, 
bhauma-divasadyah and bhauma-divasa khyah. On the propriety 
or correctness of these readings see below. 
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view of the reference in the Bfhatsamhitd Sloka quoted 
above which is discussed in the next paper ‘The unten- 
ability of the ‘postulated !§aka era of 550 B.C.’ We shall 
confine ourselves to showing that the Sakakdla of VM’s 
PS is the Sdlivdhana Saka, and therefore 427 Saka (elapsed ) 
corresponds to 505 A.D. As we have stated before, we 
shall also show that the special arguments to the contrary 
advocated by Gulshan Rai and VT and their conclusion 
that VM’s date is 123 B.C. cannot stand. 

Internal Evidence for Salivahana Saka 

There is plenty of internal evidence to show that the 
date meant by VM is 505 A.D. and not 123 B.C. It 
consists of the t many ksepas (i.e.Jvalues of the Mean 
longitudes etc. at Epoch) found in the work, and the 
names of certain authors which it mentions. We shall 
take the ksepas first. 

In PS 1.14, VM gives a Saura period of 1,80,000 
years or revolutions of the Sun, in which there aie 

66.389 intercalary months and 10,45,095 suppressed tit his. 
From this we can get that there are in this period 

2.406.389 revolutions of the Moon and 65,746,575 civil 
days. Comparing this with the Yuga-elements derivable 
from the Khandakhadyakd 13 of Brahmagupta (which 
follows the Ardhardtrika system of Aryabhata and whose 
elements are identical with those of a PaulUa Siddhdnta 
quoted by Bhattotpala in his commentary of the Brhat 
Samhitd), 1 *— not the Paulina of the PS— we find that this 
is only a sub-yuga forming a twentyfourth part of the 
Yuga given by them, and this suggests that the Yuga- 
elements of the original Saura Siddhdnta, of which the 
Saura of the PS is a compendium, are identical with 

13. Khaptfakhddyaka, (Tr. P. C. Sengupta. Calcutta, 1934), 
I. 3-5, 13, 14; II. 1-5. 

14. Cf. Brhat Sttmhitd. Ed. Sudhakara Dvivedi, Banaras, 1895, 
Pt. I, pp. 28-30. 
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those of the Khandakhddyaka etc. mentioned above; 
these elements, therefore, may also be called hereafter, 
the Saura elements. Now, all these systems have arrived 
at 0° Mean longitude for the Sun, Moon, Mars etc., 
3 rdiis for the Moon’s ucca (Apogee), and 6 ra$is for 
Rahu’s head (Moon’s Ascending Node), at the beginning 
of Kali yuga, viz., midnight at Ujjain, Thursday/Friday, 
17/18, February, 3102 B.C. Taking that Saka 427 
mentioned in PS I. 8, refers to Sdlivahana Saka All, 
(equivalent to 3606 Mean Solar years after the beginning 
of Kali), we have 1,317,123 days, 3 nddis 9 vinddis gone 
in Kali, and arrive at 3 nddis , 9 vinddis, after the midnight 
at Ujjain, Sunday/Monday, 20/21 March 505 A D. 1 * The 
Saura of the PS takes this midnight as the Epoch for the 
computation of its Star-planets ( Tdrd-grahas ), viz.. Mars 
etc. If we compute the Mean Mars etc. for this epoch, 
using the Saura elements, the results agree with the 
respective ksepas given in the PS to the second in the case 
of Jupiter and Saturn, within 4" in the case of Mars and 
Venus, and 1" in the case of Mercury. Even this small 
difference is due to VM having arrived at the ksepas 
using the shortcut given by him in the karana and the 
number of days gone in Kali as the 'Ahargana (days from 
epoch). 1 * If we also do the same there is complete 
agreement in the case of Venus also, and the difference 
is reduced to 1" in the case of Mars. In the case of 
Mercury there is difference of a few seconds still, which 
may be due either to VM desiring to give its ksepa 
correct to the minute only, or to some defect in the 


15. 3606 after Kali is not 504 A.D. as some people may think. 
As there is no zero year B.C. or A.D., we apparently arrive 
at a date one year later as the correct date. For errors 
of this kind see Kota Venkatachelam, JAHRS 21 (1950-52) 
4, 7 etc.; Gulshan Rai, JPUHS, ib„ 73, 127. 

16. PS, ch, XVI. (Thibaut and Sudhakara Dvivedi’s Edn. 
Reprinted by Motilal Banarsi Dass, Lahore, 1930). 
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manuscript reading which has omitted the seconds; and 
one of the manuscripts has actually a reading ‘vilipti’ 
here. 17 For the Mean Sun and Moon, and the Moon’s 
Ucca and Rdhu, the epoch taken is the Midday at Ujjain 
just preceding the epoch of the Star-planets, i.e., the 
midday of Sunday. 18 Here too, checking the ksepas in 
the manner given for the Star-planets, we find perfect 
agreement in the case of the Sun and Moon, and 
agreement within 4" in the case of the Ucca. In the case 
Rdhu the available manuscripts are so vitiated that 
Thibaut and Sudhakara Dvivedi (T-S) have failed to give 
the ksepa fully. Using the letters available in the 
manuscripts, the relevant verse may be read as: 

trighanasataghne navakaikapaksardrrtendu- 

dahanasat-sahite / 

s varayamavasubhutd rnavagunadhjti-bhakte 

kramdd rdhoh // IX. 6 // 

The ksepa for Rdhu enunciated in this verse as 
reconstructed above, agrees within 1" with its value 
according to the Khandakhddyaka elements. 18 

This perfect agreement is the reason why S. B. 
Dikshit has retained the date March 505 A.D. in spite of 
the difficulties he encountered in interpreting PS I. 8 
with reference to the Saura. 20 For, no date, within many 
thousand years before or after 505 A.D. will agree with the 
ksepas in the manner shown above, not to speak of 
123 B.C. When such is the case, VT quoting from 
Dikshit, 81 a passage, which to those that have not read 

17. See under PS, XVI. 9, ‘davo vilipti'. 

18. PS, IX. 1. 

19. S. B. Dikshit has arrived at the same result independently. 
See his article, ‘The Original Surya-Siddhanta’, Indian 
Antiquary (IA). 19 (1890) 49, 54. 

20. Dikshit, lb., 45-54. 

21. IK 46-47. 
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Dikshit’s article in full will appear to involve an 
irremediable contradiction, says that 505 A.D. should be 
abandoned in favour of 123 B.C. on account of this. As 
the manner of VT’s quoting” from the article may create 
an impression in the readers’ minds which Dikshit did 
not intend, and as VT himself concludes from the 
quotation that the agreement in the ksepas discovered by 
Dikshit is null and void, and as he does not realise (as 
seen from his remarks under the quotation) that if he 
gives 123 B.C. for VM, he still has the responsibility to 
point out that the ksepas agree with his date, we intend 
making the discussion a little elaborate so that we may 
give Dikshit’s views in full with some pertinent observa¬ 
tions on them. 

The Saura Epoch occurs before the True VaUakha 
Sukla Pratipad, ending on Tuesday. Dikshit wants to 
reconcile this with the statement in PS I. 8, caitra- 
suklddau. He considers the point that according to 
Mean reckoning, it is ‘Adhika’-Caitra Sukla, but dismisses 
it, giving two objections: i. Why does not VM use the 
term ‘adhika-caitra-iuklddau’ ? ii. Why should he take 
the Adhika-Caitra instead of the regular Caitra for the 
Epoch? 98 Dikshit concludes by- saying that ' caitra- 
iukladau’ might stand, because Amdnta-VaUakha-Sukla 
is Caitra-Sukla according to Purnimdnta reckoning. So 
there is no trouble at all for Dikshit as far as this goes. 
Therefore there is no need for VT to abandon 505 A.D., 
go to 123 B.C., and show that the Caitra Sukla Pratipad 
of this year occurs on a Wednesday, which weekday also 
is admissible according to one manuscript reading. 34 

22. JIH 28 (1950) 108. 

23. It will be shown below that there is absolutely no weight 
in either of these objections. 

24. If it is 124 B.C., to which VI has shifted in his Popular 
Astronomy, the weekday is Thursday, and this is an additional 
argument against his date. 


57 1 HjdxrLtmlcjaL ( U*LUjtlLA- 



264 COLLECTED PAPERS 

/ 

(Cf. the readings given above). It should be remembered 
that VT can score a point only if the weekday, viz., 
Wednesday of the Caitra Sukla Pratipad of 123 B.C. alom 
can effect the reconciliation, and not the Tuesday of the 
Caitra Sukla Pratipad of 505 A.D. 

But really speaking, there is no need to reconcile 
the Saura with any part of PS I. 8, because it has 
reference only to the Romaka and the Pauliia. (If it can 
be applied to the Saura also, as indeed it can, it is good, 
but we have no right to demand it as Dikshit does.) 25 
PS I. 8-10 give the computation of Ahargana according 
to the Romaka; and I. 8 and 11 (and perhaps also 12 and 
13) according to the Paulisa. I. 8 gives the Epoch, which 
is thus the same for both. The Epoch is the beginning 
of Caitra Sukla which ends 427 Saka, and the exact time 
is sunset at Yavanapura 26 beginning Monday, i.e., 
7 nddis, 20 vinddis after sunset at Ujjain. This is 
equivalent to 37 nddis 20 vinddis after Ujjain sunrise on 
Sunday, 20th March 505 A.D. The Ahargana with which 
to compute the Mean Sun etc. must be reckoned from 
this point for Romaka and the Paulina, and their ksepas 
are for this point. The expression caitra-Suklddau is an 
indication that the months gone are to be counted from 
Caitra in computing the Ahargana, and the words 


25. Ib. IA 19 (1890) 45ff. 

26. *VT has mistaken ( JIH 28, p. 108; JAHRS 22, pp. 172) 
Yavanapura for Romakapura, and giving it a longitude of 
90° west of Ujjain implies a deiantara of 15 nddis instead 
of 7 nagis 20 vinddis which is specifica Iy given as the 
deidntara for it, in PS III. 13: 

Yavandntaraja nddyah sapta Avantyam tribhaga-sarhyuktafi r 
For an explicit mention see PS, XV. 25: 
anyad Romaka-visaydd deidntaram anyad eva Yavanapurdt | 
Yavanapura would correspond to Alexandria as calculated 
front the deiantara. 
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“beginning Monday” is a check for the Ahargana , Mon* 
day being stated to be the first day of the Ahargana. For, 
the Ahargana got by computation may be a day more or 
less than the correct one (a fact well known to 
astronomers) because the ‘ varying’ True Tithi has got to 
be ’ used in the formula; and checking by Monday 
beginning from the Epoch, viz., 0 Ahargana, it may 
happen that one day has got to be added or subtracted. 
This can be made clear by an example. 

Problem : What is the Ahargana for Saturday 
beginning, next to the Epoch ? 

By counting we see we must get 5 days for Ahargana. 
Let us now compute it. By the Romaka or PaulUa (or 
even Saura) almanac, the tithi gone at Saturday beginning 
is Caitra Sukla Caturthi. Using it in the above formulae 
enunciated in PS I. 8-11, 4 is got as Ahargana. But 
counting from Monday, 4 will give only Friday 
beginning. So we must add 1, and give 5 as the correct 
Ahargana if it should agree with Saturday beginning. 
We see here the use of the check. This is the purpose 
for which the weekday beginning the Epoch is given, and 
it is not merely to satisfy the curiosity of the reader. 
From this we can see that ‘Monday’ is necessary, and 
‘Tuesday’ or ‘Wednesday’ will be wrong. So in PS I. 8, 
‘ soma-divasadye' or ‘ soma-divas ady ah' must have been 
VM’s original reading. ‘ Bhauma' must have been a 
scribal error, or the correction of some revisor who did 
not understand what was necessary, but thought that the 
weekday of the True Suklapratipada gone must be given 
here, and this must have given rise to ' saumya ’, a mixing 
of the two. Here T-S have rightly given the emendation 
’ soma-divas ady e'. We may venture to give another 
suggestion, even if it may not appear very convincing to 
some. The emendation of T-S is not really essential and 
we can adopt the manuscript reading ‘ saumya ’ as such 
and take it in the yaugika (derivative) sense, meaning 

34 
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4 day pertaining to the Moon’, i.e. Monday. Though 
there is the dictum ‘ Rudhir yogam apaharati' (‘the 
meaning obtained by usage is stronger than that got by 
derivation’), still at such an ancient period as.VM’s, 
when the weekdays must have come into use very 
recently, the word Saumya-divasa might not have become 
rudha in budha-vara as it is now. Also.when other things 
require the derivative sense, we are permitted to abandon 
the rudha sense. 

The above discussion has been necessitated here by 
a desire to remove any doubt created in the readers’ 
minds by Dikshit’s dissatisfaction, which may be inter¬ 
preted as going against the case for 505 A.D. 27 

We may now proceed to show that the ksepas of the 
Romalca and the Paulisa also as well as the adhimasa 
and avamaiesa of their rules for ahargana, agree with 505 
A.D. and not with 123 B.C. We have seen that the 
epoch for the Romaka and Pauliia is 37 nddis , 20 vinadis 
from sunrise at Ujjain on Sunday, 20 March 505 A.D. 
(It must be noted that Dikshit does not question this.) 
The Romaka Mean Sun at Epoch can be seen to be 359° 
34£' by taking the ahargana as zero in PS VIII. 1, and 
working with the ksepa left. This means that 26 nddis 
after Epoch, the Mean Solar month Mesa begins. In 
the same way we get the Mean Moon at Epoch from 
PS VIII. 4, to be 356° 12', using the emended reading 
l kftdstanavakhaikaL\ if the reading t krtdstanavakaika > 
found in the manuscript and followed by TS and Dikshit 

27. It is only dissatisfaction and nothing more, and it may be 
noted that Dikshit himself gives reasons for the adoption 
of 505 A.D. (/£., p. 46). 

Also, Bhaitotpala’s reading is We have since found 

in the editorial work with regard to the Paiicasiddh&ntika. 
that his readings are generally correct. We have also found 
during this work that PS I 17-20 gives Monday alone. 
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is used, it is 359° 19' at Epoch for TS, and 2° 24' for 
Dikshit who taken that the Moon is given for sunset at 
Ujjain. From this we see that the Mean New Moon 
according to our interpretation will take place at 16 
nadis, 36 vinddis after Epoch, i.e., 9 nadis, 24 vinddis 
before the Mean Sun comes to Mesa. According to TS’s 
value for the Moon, it is 24 nadis, 42 vinddis before the 
Mean Sun at Mesa; and according to Dikshit, 32 nddis. 
It must be noted that according to all the three inter¬ 
pretations, the Mean New Moon just precedes the Mean 
Solar year, i.e., the New Meon end begins the Mean 
Caitra and is very near the Epoch. 28 The corresponding 
ksepas of the Pauliia also will be found to give the same 
result. Thus the word Caitra in PS I. 8 presents no 
difficulty, as it is mentioned only in relation to the 
Romaka and the Pauliia. Also, the avama and the 
adhimdsa iesas of the Romaka and the Pauliia found in 
PS I. 9-11, agree, within the limits of accuracy, with the 
time of the day when the respective New Moon occurs, 
and its distance from the beginning of the Mean Solar 
year as found from PS VIII and III. From the fore¬ 
going facts we see that the beginning of Caitra should 
fall very near the beginning of the Mean Solar year, 
which it does if we take 505 A.D. If 123 B.C. is taken, it 
is about 20 days away, and so there is disagreement with 
the ksepas of PS I. 8-11, and those of the Sun and the 
Moon in PS III, VIII and IX. 

In the case of the Saura, an examination of the Sun’s 
and Moon’s ksepas given in PS IX. 1-2 will show that the 

28. It may be asked why only the Mean Caitra and the Mean 
Solar year are taken into consideration in this explanation. 
It is because the word Caitra is given in the context of 
the Ahargana rule, whose constants, multipliers and divisors 
depend upon the Mean Sun and Moon. If we use the 
True month and Tithi in the computation, it is because we 
have no other go and that is why there has to be the check 
by the weekday of the Epoch, 
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Mean Solar year ends at 3 nadis, 9 vinadis after midnight, 
Sunday/Monday, 20/21 March, (as we have already 
shown), and the Mean New Moon falls about 12 nadis, 
30 vinadis after the Mean Solar year. Thus there is a 
Mean Adhimdsa following the Epoch of the Star planets, 
i.e., midnight, which can be called Caitra, as Dikshit him¬ 
self has accepted. 88 As it is very close to (i.e. only 12 
nadis, 30 vinadis from) the beginning of the Mean Solar 
year, and as in computing the Ahargana the practice is to 
see whether an Adhimdsa has taken place or not in the 
months gone used for reckoning, and adjust the number 
of adhimdsas got by adding one or reducing the adhi- 
mdsas by one, by treating a large adhimfisa-Sesa as unity 
or not counting one just got by computation, no harm 
will ensue if this Adhika-Caiira is treated as regular 
Caitra, taking the previous regular Caitra as Adhika- 
Phdlguna. And there is the advantage of dispensing with 
a ksepa for months gone at Epoch. So even if PS I. 8 
applies to the Saura as Dikshit thinks, the objection 
which he has to using the term ‘caitradau’ for this 
vanishes, and there is no need to explain it in the manner 
he has done. 3 * Thus all the difficulties raised by Dikshit 
are answered, and not a trace of any objection for 
505 A.D. is left. 

We may now proceed to give another piece of 
evidence to show that the date cannot be 123 B.C. In 
PS XV we find the following sloka: 

Lankdrdharatrasamaye dinapravfttim jagada 

cdryabhatah // 

bhuyas sa eva suryodaydt prdha Lankdydm // 20 // 

29. The rule giving this is this: 

ravisankramanad Urdhvam yo yo masah prapuryate candrah \ 

caitradih sa jneyah purtidvitve 'dhimdso ’ntyafi || 

30, Dikshit, lb., p. 51. 
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Here is a reference made by VM to Aryabhata and his 
two works, the well-known Aryabhatiya , and his less 
known work referred to by later authors as his Ardha- 
rdtrika System, manuscripts of which are yet to be 
discovered, but whose nature is fully given by Bhaskara I 
(6th-7th cent.) in his Mahabhaskariya. 31 In the Kdla- 
kfiyapdda of his Aryabhatiya, Aryabhata says : 

sastyabddndm sastir yadd vyatltas trayas ca 

yugapddah / 

tryadhikd vimsatir abdds tadeha mama janmano 

’Utah // 10 ir 


31. Mahabhaskariya , (Ed. T. S. Kuppanna Sastri, Madras, 1957), 
VII, 21-35. See the Editor’s Introduction to this edition, 
pp. xliv-vi. 

32. There is a suggestion by some to emend gastih into sadbhib 
and take Aryabhata to 360 Kali ( e.g ., Kota Venkatachelam, 
The Plot in Indian Chronology, Ap. Ill, p. xxi). But with 
sa^bhih the word ca in the verse becomes meaningless. 
It is T.S.N. that started this too. He says in his work that 
he has a copy with the reading §adbhih. (Knowing him, we 
have to doubt his veracity.) We can add some more argu¬ 
ments : (1) T.S.N.’s reading would mean that Aryabhata 
wrote c. 2741 B.C. Who will swallow this! What about 
the language. (2) Aryabhata’s first point, as of all other 
astronomers, is an insignificant position, is A$viul near 
a very faint star (V. Piscium). But the vernal equinox 
c. 2741 B.C. was at nearly 45° off, in Rohipl. If his 
work was to be of any use in the matter of Ahas, Lagna, 
declination, shadow, solar ecilpse, etc., he should have 
instructed an addition of about 45° to the longitude got 
by his work, or else these items would be got very very 
wrong. T.S.N. has not seen the self contradiction here, 
being a layman, and his trick has failed. Also manuscripts 
of the work give only sastify and all known ancient commen¬ 
taries explain the verse only with sasfih; Cf. Bhaskara I’s Arya 
bhatiyabhasya : sastyabdanam sa$tih, sa$tir abdali §astigupah 
ityarthab; Suryadeva Yajvan’s Aryabhataprakaia: §at$ata- 
dhika-trisahasramitesu (3600) suryabdesu gateau; Paramedvara’s 
Bhafadipika : §atsatadhika-sahasratraya (3600) (Edn. Kern. 
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This says that at 3600 Kali (expired) Aryabhata had 
completed twenty-three years of age, and 3600 Kali is 
499 A.D. VM’s reference is certainly to this Aryabhata 
as can be gathered from the mention of him as the author 
of both the Ardhardtrika and the Audayika systems. It 
follows, from this that VM must be later or at least a 
contemporary of this Aryabhata. So VM can belong to 
505 A,D. and not to 123 B.C. Thus all internal evidence— 
and we have seen plenty of it—points to 505 A.D. as the 
time of VM. 

The Ay a n am s a argument examined 

Now Profs. Rai and VT have advanced an argument 
based on Ayanamia to show that VM must be as early as 
123 B.C. 33 Being interspersed with mathematics, this 
argument may seem unassailable to some, unless its 
hollowness is exposed. 

Being more full, we may discuss VT first. What 
VT says may be put succinctly as follows: (i) At the 
time of VM the Summer Solstice was at the end of the 
asterismal segment Punarvasu, (or what comes to the 
same thing, the Vernal Equinox had a longitude of 3° 20' 
reckoned from the zero point of the Ecliptic), as 
gathered from VM’s own statements in the PS and the 
Byhat Samhita. (ii) Taking the Ayanamia (i.e. the total 
precession) to be zero at VM’s time, there is an Ayanamia 
of 28° 15' in April 1909 A.D. (It comes to this: The 
Vernal Equinox has receded 28° 15' from the original 
position of 3° 20', and its position in 1909 is 335° 5' from 
the zero point of the Ecliptic), (iii) Using the correct 
rate of precession ( ayana-calana ) per annum, 50".2585— 
«x0".000225, where n is the number of years before 1909, 


Leiden, 1874, p. 58); Gargyakerala Nllakantba Somaysji’s 
Bhagya...sa$fyabddnam sasteh...kaler arabhya gag fyabdanam 
fag fir gata...,idanim prakrtistham ayanam (TSS No. 101, 
pp. 12-13). 

33. Rai, JPUHS I (1932) 124-27; VT, JIH 28 (1950) 104-06. 
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for a precession of 28° 15' to take place, n must be 2031 
years, (iv) This means 2031 years before 1909, i.e. in 
123 B.C., the Ayandm&a was zero, and therefore 123 B.C. 
is the date of PS. 

We admit that if (i) and (ii) are correct, (iii) and (iv) 
follow automatically. But (i) and (ii) are not correct , as 
we shall show. Relating (i) there are the following three 
Slokas of VM, which are quoted by VT also : 34 

a&lesdrdhad daksinam uttaram ayanam raver 

dhanisthadyam / 

nmam kadacid dsid yenoktam purva&dstresu // 

sdmpratam ayanam savituh karkatakadyam 

mfgdditai canyat / 

uktdbhdvo vikftih pratyaksapariksanai? vyaktih // 

Bf. Sam, HI. 1-2 // 

a&lesdrdhad dsidyadd nivyttih kilosnakiranasya / 

yuktam ayanam tadd ’sit, sdmpratam ayanam 

Punarvasutah // PS III. 21 // 

‘‘Certainly at one time the turning of the Sun 
towards the south was from the middle of the A&lesd 
segment, and the turning north was from the beginning 
of the Dhanistha segment, because this is mentioned in 
ancient works. 

“But now the turnings are from the beginning of the 
Karkataka and Makara rd&i segments, respectively. If this 
does not happen (in future, on account of precession), 
the amount of deviation is to be determined by observa¬ 
tion.” {Bf. Sam. III. 1-2). 

“When the Sun turned away south from the middle 
of A&lesd, it was proper for that time. But now the 
turning away is from Punarvasu .” (PS III. 21). 


34. lb., p. 104. 
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Now in the sloka from the PS, “from the middle of 
Ailesd” corresponds to the same phrase in the quotation 
from the By. Sam. III. 1; and “from Punarvasu ” corres¬ 
ponds to "the beginning of Karkataka” in By. Sam. III. 2 
above, the same phenomenon of precession being 
described in both. So “from Punarvasu ” must be taken 
to mean a point three quarters from the beginning of the 
segment, for that is the point corresponding to the 
beginning of Karkataka. But VT who wants the end of 
Punarvasu to be the turning point, wants us to shut our 
eyes to the specific reference to the “beginning” of 
Karkataka, and take it to mean “somewhere” in 
Karkataka, giving the reason that the word is found in a 
mere Samhitd and not in a karana like the PS. It seems 
he has not taken note of the many passages in the PS 
itself that specifies the ‘beginning’ of Karkataka as the 
point. For instance, in the sloka next but one, i.e., PS 
III. 23, we find “mesa-tulddau visuvad’\ “at the beginning 
of Mesa and Tula, are the Equinoxes”. One Sloka later 
we have again: 

udagayanam makarddau ytavah sUiradayai ca 

saryavasdt / 

dvibhavanakdlasamdnam, daksinam ayanam ca 

karkatakdt H PS III. 25 // 

In XIII. 10, we have, “At the end of Mithuna the Sun 
revolves at an altitude of 24° at the N. Pole”. 

Also VT says that Punarvasutah can mean only from 
the “end of Punarvasu”. This interpretation is wrong. 
It only means “from Punarvasu”, and can mean any 
point in it. Grdmatah pattanam pratisthate does not only 
mean ‘he starts from the border of the village’. It can 
mean any point in the village. 

Further, the context in which dilesdrdhdt etc, is 
found, itself specifies a point If segments from the middle 
of Ailesd and this point is three quartets of Punarvasu, 
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In the immediately preceding sloka, VM states that 
Vyatlpdta-punyakala occurs when Sun plus Moon equals 
17 asterismal spaces, i.e., 17x13° 20', or 226° 40'j as 
opposed to our expectation that it should occur at the 
middle of the 14th (i.e., at 180°) according to the defini¬ 
tion given in the 3astras. 3S There is a difference of 46° 
40' or 3J spaces that has to be explained. As Yoga is 
obtained from the combined longitudes of the Sun and 
the Moon, a change of If asterismal segments in the 
longitude of each, caused by the shifting of the origin of 
reference will explain the difference of the 3£ spaces. 
This shifting of the origin, by the precession of the 
equinoxes, is mentioned in ailesardhdt etc., and this 
must be If segments as required, and the point at 
f Punarvasu follows, for it is this point that is If segments 
behind the middle of A$lesd. at 

Still another proof can be adduced to show that 
f Punarvasu is to be considered as the point in question. 
If it is the end of Punarvasu, the Vernal Equinox will be, 
as we have already stated, at +3° 20' from the zero point 
from which the longitudes of the Sun, the Moon etc. are 
reckoned. So, to get the declination of the Sun etc., to 
compute the daylight, the shadow and other things, in 
short, for all work usually given in the Tripra&nadhikdra 
of a siddhanta, we must be instructed to deduct 3° 20' 

35. See for instance, Surya Siddhanta, Xf. 1-2: 
ekayanagatau syatam suryacandramasau yada. | 
tadyutau mandate krantyos tulyatve vaidhrtsbhidhah || 
viparitayanagatau candrarkau krantiliptikak | 

samds tadvad vyatipdto bhagapSrdhe tayor yutau || 

36. For a fuller discussion, see the writer’s Introduction to his 
edition of Mahabhaskariya, Madras, 1957, pp. xxv-xxxv. 
Further, since VT has not brought into the argument either 
the Caitra or the Dhanistha Pak§a of the zero-point of 
the Ecliptic, we hav$ avoided fragging them fo 
confusing the issue, 

35 
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from the longitudes got by computation, and use this for 
the calculation, as the longitudes from the Vernal 
Equinox are to be used here. In as much as such an 
instruction has not been given anywhere in the text, we 
must take it that the zero point and the Vernal Equinox 
were coincident, which means that the Summer Solstice 
was at | Punarvasu. Now in (ii), VT has budgetted for 
an Ayanamsa of 28° 15', But the above fact will result 
in a cut of 3° 20', and VM will be lifted 240 years from 
the intended 123 B.C. towards the true place, 505 A.D. 

Now we may pass on to consider (ii), viz., VT’s 
statement that in April 1909 A.D. there is an Ayandmia 
of 28° 15', taking it to be zero at VM’s time, when 
according to VT the Vernal Equinox was +3° 20' from 
the zero point, i.e. there is a total ayanacalana of 28° 15', 
from VM’s time to 1909 A.D. VT makes up the 28° 15' 
necessary for him, by piecing together four different 
quantities : (a) the distance between the Vernal Equinox 
and the zero point, both referring to VM’s time, equal to 
3° 20'; (b) the late L. D. Swamikannu Pillai’s (LDS) 
calculation of the Ayanamia in 1909 to be 22° 25' which is 
the equivalent in degrees of the time from the Sun at the 
Vernal Equinox of 1909 to its entering the Sign Mesa in 
the same year according to Surya Siddhanta ; (c) what VT 
calls a Bija (i.e. correction) of 2*18 days, equivalent to 
2° 9'; and (d) an error of observation equal to 16', Of 
these four quantities, we have already seen that VT 
cannot have (a), by the fact that the Summer Solstice 
was at | Punarvasu and not at the end of Punarvasu in 
VM’s time. So 3° 20' is cut off from the 28° 15'. We 
shall not discuss (d), for we except to point out below 
what mischief even this can do. That leaves us (b) and 
(c) to deal with. 

We shall take (b) first. VT uses the Ayandm&a 22° 
25' calculated by LDS in a manner not intended by him. 
Tp understand how it is so, it is necessary to make clear 
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the principle involved in the calculation. 3 ’ LDS found 
from the Nautical Almanac that at 0’2143-day on the 21st 
March 1909, the True Sun was at the Vernal Equinox. 
He found that according to the Stirya Siddhanta (Modern, 
not the Saura of PS), the True Sun reached the First 
Point of Mesa at 0 9492 day on 12th April 1909. From 
the difference between the two moments, equal to 22‘7349 
days, using the rate of motion of the sun at that interval, 
he calculated the Ayanamsa to be 22° 25'. Suppose LDS 
had used the time of the True Sun at Mesa (Mesa San- 
kramana as it is called) of some other Almanac like the 
Dyk Almanac or Vakya Almanac, he would have got 
different Ayandmsas, for it is a well-known fact that 
Almanacs vary in their times of Sankramana. Which 
ayancim$a are we to adopt? Which is the ‘correct’, 
Ayanamsa ? By ‘correct’ Ayanamsa is meant the total 
precession in degrees, of the Vernal Equinox, from a 
specific point on the Ecliptic, which we call the zero 
point, during the interval 1909 and the time when we 
take the Vernal Equinox to coincide with the zero point, 
in our case the time of VM. According to this criterion 
none of the present-day Almanacs gives the ‘correct’ 
Ayanamsa. The following is the reason: If the length 
of the year adopted by an almanac is the correct Sidereal 
year, viz., 365 days 15 nddis, 22’9 vinadis, so that at the 
end of every year the Sun returns to the specified zero 
point, then this way of finding the Ayanamsa will yield 
the ‘correct’ Ayanamsa. But the old system Indian 
Almanacs use, instead of the above correct Sidereal year, 
the Sidereal year of the Aryabhatlya (365-15-31-15, 
adopted by the Vakya Almanacs), or of the new Surya 
Siddhanta (365-15-31-31, adopted generally by LDS in 
his Ephemeris) and the like, which though called Sidereal, 

37. See LDS, An Indian Ephemeris. Madras, 1922, Vol. I, Pt. i, 
pp, 457-58: “Appendix (ii) Luni-Solar Precession as applied 
to Indian Astronomy—The year of E Unya-ayanmhia, A.D, 
533, how determined". 
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are very nearly Anomalistic, being about 8-5 or 8-6 
vinadis longer than the correct Sidereal year. As a result, 
the First Point of Mesa moves forward leaving the zero 
point behind at the rate of 8'5" per annum. So if we 
adopt LDS’s method of using the time of the True Sun 
at the First Point of Mesa according to a particular 
Almanac to get the Ayanamia , we must deduct from the 
gross Ayanamia got, the accumulated interval between 
the zero point and the First Point of Mesa of that 
Almanac, to get the correct Ayanamia. (This accu¬ 
mulated interval may be called the ‘ Procession ’ of the 
First Point of Mesa for that Almanac). It is this correct 
Ayanamia that should be divided' by the correct rate of 
precession of 50" '2585 etc. to get the year when the 
Vernal Equinox was at the zero point. If, on the other 
hand, we use the gross Ayanamia got by LDS’s method, 
we should divide it by the gross rate of precession (which 
is the correct rate of precession ‘ plus' about 8 5"), to get 
the year, for the gross Ayanamia increases not by the 
correct rate of precession but by the gross rate of preces¬ 
sion, viz. 50" '2585 etc. etc. increased by about 8'5". This 
is the reason why most Indian systems give nearly V as 
the rate of precession. The reader will find our state¬ 
ment corroborated by sections 64 and 277 of LDS’s 
Indian Chronology (Madras, 1911). 

This is the reason why LDS divided his gross Aya- 
ndmia by 58"'78 and got 536 A.D. for VM as a first 
approximation. 373 The gross rate of precession 58" 78 is 
got from the rate of procession (viz. 8"' 52) plus the rate 
of correct precession 50"'26, for it is at this combined 
rate of 58"'78 that the Vernal Equinox recedes with refer¬ 
ence to the First Point of Mesa, per annum. From this 
we see that it is wrong to use for this purpose the actual 
rate of precession given, even by the system, if any, as 
for eg. 54" per annum In the case of the new Sfirya 

37a. Using this date LDS gets 533 A.D. as the correct date. 


57 1 HjdxrLtmlcjaL 



THE SAKA BRA OF VAHAHAM1HIRA 211 

Siddhanta or 1' per annum in the case of certain other 
Siddhantas, and so on; for these Siddhantas have found 
the rates of precession by actual observation of the Sun 
at the Vernal Equinox, and there is likely to be an error 
in the observation. According to the error the rates may 
vary. The nearer their rates are to 58"78, the better are 
their observations. 

It is incumbent on our part, in the present context, 
to answer certain remarks made by VT on the above 
procedure of LDS. VT remarks: 38 “There are the follow¬ 
ing drawbacks in the whole argument (of LDS): 

“ (a) It was considered that Dakshinayana began 
when the Sun reached the beginning of Karkataka instead 
of the end of Punarvasu. 

“ (b) The fact that the modern tropical year goes on 
decreasing at the rate of 0'53 seconds per century was 
not taken into consideration. 

“ (c) At least at the time of Varahamihira, the 
Indian Siderial year—so designated at present—was 
really a tropical year and the value for the precession of 
the equinoxes must be taken as 50" , 2585 —n X '000225" 
and not as 54"'7505 as assumed by Swamikannu Pillai.” 

Of these (a) has already been answered. As for (b), 
in the 14 centuries considered by LDS, the time neglected, 
by him is about 56 seconds, equivalent in 2" of the Sun’s 
motion. Is this not negligible in the context? As for 
(c), this is against the internal evidence of the PS. Excep¬ 
ting Vdsistha 38a and the Romaka, all the other Siddhantas 
in it give Sidereal years. The Pauliia gives 365 days, 15 
nadikds. and 30 vinadikas, the Saura, 365-15-31-30, and 
the Paitdmaha 366 days. By what stretch of imagination 

38. His article, JIH 28 ( 950) 105. 

38a. Vasistha’s is 365-15-0, midway. 
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can these be called Tropical years, these years that are SO 
far greater than the correct Sidereal year that they border 
on the Anomalistic? As for LDS not taking 50" , 2585 for 
division, we have answered it by saying that this would 
be proper only if the correct Sidereal year, 365-15-22‘9. 
had been used throughout the period of which we are 
considering the Ayandmsa. Secondly, where has LDS 
assumed a rate of precession of 54"-7505, and in which 
context? 

It should not be thought that because the modern 
Drk Almanacs use the correct Sidereal year equal to 
365-15-22.9, the time of the True Sun at their First point 
of Mesa will give the correct ayandmsa. These almanacs 
were started recently and they arbitrarily fixed for them¬ 
selves such ayandmias as would keep their sankramanas 
within reasonable distance from those of the old 
almanacs. The very fact that the sankramanas vary only 
within a matter of nddis, shows this, for considering the 
difference between the correct Sidereal year and the so- 
called Sidereal years of our siddhantas, even within a 
period of 420 years there will be a difference of one day, 
and for the period we are considering, viz. 1400 years or 
more, there should be a difference of more than three 
days, the Drk Sankramanas occurring earlier. To avoid 
the hue and cry that would be raised if the sankramanas 
in their almanacs are found to occur thus, more than 
• three days earlier, the Dfk Almanac makers fixed for 
themselves ayandmias that would keep their sankramanas 
near enough to those of the old system almanacs. 39 The 


39. In 1925 the Almanac •makers?@rnet in Conference at Poona 
and adopted an ayanaMa of 22° 40' 39' for 1925 proposed 
by R. N. Apte, M.A., Professor of Mathematics, Rajaram 
College, Kolhapur, arrived at by taking the True Sun's 
position at Me§a-safikramapa in that year according to the 
Surya Siddhanta as the zero point. On this see C. G. Rajan 
Raja Jyotisa Gapitam, (Madras, 1933), Section— Conversion 
of Heliocentric etc., ch. VI, p. 56. 


57 1 HjdxrLtmlcjaL 



THE SAKA ERA OF VARAHAMIHIRA 279 

Caitra or the Dhanisthd paksa has come in handy for 
them to fix their ayanamsa in this manner, but these 
paksas are contradictory to all schools of traditional 
astronomy which have adopted the Raivata-paksa alone.* 0 

To continue the main argument. As, in the manner 
already stated, the number of years got to be deducted 
from 1909 to find the Zero Point should be the same, 
whether we divide the gross ayanamsa by the gross rate 
of precession, or the correct ayanamsa by the correct rate 
of precession, and as the rates are in the ratio 7:6 
approximately, the gross ayanamsa found by LDS (by 
using the time of sankramana of the new Surya 
Siddhdnta ) should be reduced by one seventh of itself to 
get the equivalent correct ayanamia, which we find to be 
19° 12'. So VT can have only 19° 12' and not 22° 23' 
by (b). 

Now, we pass on to (c). (This is VT’s special.) 
What VT says amounts to this : Kali began at midnight 
17/18, February 3102 B.C. But most Ephimerides give 
0.579 days after sunrise on 15th February as the Epoch 
of Kaliyuga. So there is a difference of 2.18 (72.17) days 
which must be a blja correction. So we must add 2.18 
days to the time of the True Sun reaching the First Point 
of Mesa in (b), viz. 0.9492 on 12th April. Thus the 
interval in days is increased by 2.18 days; which means 
2° 9' more in ayanamsa, which will make up the 28° 15' 
required. 

Now, what VT thinks to be a bija is really the 
interval between the times of the True and the Mean 
Suns reaching the First Point of Mesa. According to 
Indian astronomy the Sun’s Equation of the Centre is 
about 2° 9' at the time of Mesa Sankramana. So the 
True Sun is in advance of the Mean Sun by 2° 9' and 

40. C. G. Rajan gives the actual ayanamha according to the 

R$ivatapak§a to be 18° 56''45".7 in 1925; see lb„ p. 58, 
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reaches the First Point of Mesa earlier by about 2.18 days. 
As the Apogee of the Sun has an extremely slow motion 
according to Hindu astronomy, the 2 18 days practically 
continue through the ages to be the same. In (b), LDS 
took for calculation the interval between the True Sun at 
the Vernal Equinox and the True Sun at the First Point 
of Mesa which is quite proper. If he had taken the 
interval between the times of the Mean Sun at Vernal 
Equinox and the True Sun at the First Point, then 
indeed we shall be justified in adding 2.18 days; for then 
the interval first got would have been less by 2.18 days, 
on account of the Mean Sun reaching the Vernal Equinox 
later by 2.18 days than the True Sun. If we add 2.18 
days, as we ought to now, we get the same interval of 
22.735 days. Thus YT cannot have (c). 

The error of observation, (d), is possible and may be 
allowed if required; but it must be remembered that it is 
arbitrary, indefinite and may be plus or minus. VT has 
taken (d) as error of observation, not from apriori 
considerations, but aposteriori, because this alone will 
give him, when added to the other quantities and divided 
by 50" 2585 etc., 2031 years to be deducted from 1909 
and get 123 B.C. So the reader is warned against getting 
predisposed in favour of 123 B.C., simply because 
1909 A.D. minus 2031 is exactly equal to 123 B.C., for 
this particular amount of error of observation has been 
arbitrarily presumed to get this very result. 

In conclusion, we find that in VT’s ayandihSa of 
28° 15', (a) is cut off, (c) is cut off, (d) may be ignored, 
and (b) is reduced to about 19° 12'. If we divide this by 
the correct rate of precession, 50".2585 etc., we get 
c. 534 A.D. as VM’s time. It may be noted how far away 
this is from 123 B.C., and how near it is to 505 A.D. 
(epoch). 

The ayan&mia argument of Prof. Rai ( JPUHS 
J. 124-27) js the saw as YT’s (a) and (b), with th$ 
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difference that he takes (b) for 1931 instead of 1909. 
This amounts to 26° 3' 40" according to him, and 
committing the same mistake as VT of dividing this 
gross ayandm§a by the actual rate of precession, he says 
VM lived 1866 years before 1931, i.e., jn 65 A.D. Since 
this does not take him to the desired 123 B.C. Prof. Rai 
thinks that this descrepancy may be overcome by 
assuming an appropriate error of observation, which in 
this case has to be as large as 3 degrees or so ! 

With showing that 427 Saka of VM is 505 A.D. and 
that the ayandmia argument is fallacious, the main object 
of this paper is over. It is unnecessary to discuss the 
slokas from Jyotirviddbharana quoted by these scholars 
enumerating the nine gems of Vikramaditya’s court 
( dhanvantari-ksapanaka etc.) and the year given therein; 
for in the light of the foregoing discussion these must be 
taken as part of a romance, or an attempt at imposture 
by the author of the work. 4#a Nobody will take seriously 
this sloka jumbling men of different ages together, as no 
one will take seriously the other romance, the Bhoja 
Prabandha, for matters of history. 

The Date of Bhattotpala 

Both Rai and VT seek additional evidence for VM’s 
earlier date by making his commentator Bhattotpala 
himself earlier than 505 A.D. 41 We shall examine this 
now. Bhattotpala says at the end of his commentary on 
VM’s Bfhajjataka that he finished writing it in §aka 888 
(elapsed) on Caitra Sukla Pane ami, which was a 
Thursday: 


40a. For the unreliability of this work, see below, Sn. V of the 
paper on ‘The untenability of the postulated Saka era of 
550 B.C.’ 

41. Rai, JPUHS I (1932) 73; VT, JW 28 (19^0) 103, JATJRS 22 
(1952-54) 173, 

30 
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caitramdsasya pancamydm sitdydm guruvdsare j 
vasvastdstamite sake krteyam vivftir may a // 

Here VT says that “the weekday does not come out 
correctly if we take either the Salivahana !§aka or the 

Vikrama §aka. So the Saka mentioned by . Bhattotpala 

refers only to the Saha with 550 B.C. as epoch”.** This 
means that if Bhattotpala’s Saka is taken as given in the 
Saka of 550 B.C., the weekday agrees; and so the date 
referred to is 888 years after 550 B.C., i.e., 339 A.D., 
(but in his ‘Andhra Saka’ he gives 340 A.D., cf. fn. 
11 above) and so VM must be earlier still. But we have 
made the calculations, and w t find that it is 339 A.D. that 
does not give the agreement ; in that year the Caitra 
Pancami falls on Friday, ending at about 35 nadis. In 
his Popular Astronomy, pp. 136-37, VT has changed the 
date of Bhattotpala to 338 A.D., in accordance with his 
changing the !§aka Epoch to 551 B.C. Strangely enough, 
here too VT asserts that he finds agreement with the 
weekday, viz. Thursday. 493 My calculation here gives 
Sunday, i.e. three days off, on this date. On the other 
hand there is perfect agreement with Sdlivdhana Saka 888 
(corresponding to 966 A.D.) if Caitra is in the Purnimdnta 
reckoning which was prevalent in Bhattotpala’s time 43 
and place. If Saka 888 is elapsed year, Caitrasuddha- 
pancami falls on Thursday, at 25 nadis, February 28, 
966 A.D. So we get the time of Bhattotpala’s finishing 

42. JIH 28 (1950) 109. 

42a. It is an obvious fact that for a particular Tithi in a 
particular month the weekday cannot be the same in two 
consecutive years. 

43. In certain editions of Bhattotpala’s commentary on the 
BjhajjStaka we find instead of the iloka quoted above, 
another saying that he finished the commentary on a 
Thursday in S' aka 888 on Phalguna-kfSQa-dvitiya. This 
too gives agreement with the weekday only if 888 is in 
Salivahana tfaka. If in the fiaka starting from 551 or 
550 B.C. alleged, there is disagreement. 
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the work correctly as we expressed. Because we took the 
current Saka instead of the elapsed (elapsed is the more 
usual practice of the Hindus), we had recourse Ptirni- 
mdnta reckoning, where too it is the previous Phalguna 
that agrees. 

And there is also positive evidence to show that 
Bhattotpala has meant only the Sdlivdhana Saka. He has 
commented on the Khandakhadyaka of Brahmagupta, 
who says that it is a re-presentation of the ( Ardharatrika ) 
system of Aryabhata. 44 This means that Brahmagupta is 
later than Aryabhata (3600 Kali, corresponding to 
499 A.D.) and that Bhattotpala must be later still. It is 
not possible to drag down, as VT and others do, both 
Aryabhata and Brahmagupta together into the earlier 
centuries, for the following reasons: The date of 
Aryabhata is definitely 3600 Kali, as already shown. 
Brahmagupta gives 587 Sakakdla as the epoch of his 
Khandakhadyaka (I. 3). Brahmagupta elsewhere states 
that 3179 is to be added to the Saka year to get the 
corresponding Kali year (Cf. Brdhmasphutasiddhdnta, 
I. 26). Amaraja commenting on the above verse of 
Khandakhadyaka (1. 3) gives the Kali year corresponding 
to the epoch of the work {Saka 587) to be 3766 by adding 
3179 to 587; and also calculates and verifies the ksepas 
and the weekday of the epoch taking the Kali year 3766, 
which is A.D. 665j 46 which therefore must be the time of 
Brahmagupta. Further, Brahmagupta is linked to 
Bhaskara II (who VT at least admits wrote his Siddhanta- 
iiromani in 1150 A.D.) by an observed ayandmia of about 
11°. Bhaskara II also says that in Brahmagupta’s time 
the ayandmia was so little that it was “unobservable even 


44. See Khandakhadyaka, I. 1. 

45. So VT’s statement in his Popular Astronomy, p. 137, that 
only 36 A.D., which date he gives for Brahmagupta, would 
agree with the weekday and not any other date, is wrong. 
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to that expert astronomer”. 48 So Brahmagupta cannot 
be dragged too far away from Bhaskara, and this condi¬ 
tion will be fulfilled only if his epoch is in the Sdlivdhana 
Saka. (TSN says in this connection that Brahmagupta, 
whom Bhaskara II eulogises as his learned ancient 
teacher, could not detect an observational error of 5'!!) 
And so his commentator, Utpala’s date, Saka 888, has 
also to be in the Sdlivdhana Saka. 

Prof. Rai advances another argument, 47 which is his 
own and not given by anybody else. It is this: Byhat 
Samhita, VIII. 20-21, gives a rule from which, by using 
the Saka year, the corresponding Jovian year in the 
60 year cycle Prabhava etc., can be got. He works it out 
for 1932 using the Sakg. starting from 550 B.C., and gets 
52 years gone in the Prabhava series. Using the years 
gone in the Sdlivdhana Saka of 78 A.D., he gets the 18th 
year in the series, viz. Tarana. He finds this Tarawa 
given in North Indian almanacs. But he says this proves 
nothing beyond showing that the North Indian almanac- 
makers have adopted the Sdlivdhana Saka for this rule. 
But the point at issue is which is the correct Saka to 
take. This can be found by working out the year from 
the Kali years gone till 1932, and seeing which of the two 
(52 or 18) it agrees with. Prof. Rai works out the Jovian 
years gone from the beginning of Kali, using the elements 
of the Surya Siddhanta, iS and dividing the result by 
60 gets the remainder 52. Lo! this is the same as the 

46. Cf. his Vasana-Bhasya on his Siddhantatiromani, under 
Goladhyaya, Golabandhadhikara, 17-19. 

47. JPUHS I (1932) 123-24. 

48. The Surya Siddhanta, which Prof. Rai uses, wants actually 
the years from ‘Creation’ ( i.e a point 17,064,000 years from 
the beginning of the Kalpa) to be used for this. But as 
a whole number of 60 year cycles have gone at the 
beginning of Kali, no harm will ensue if the Kali year is 
used as he does. 
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remainder got by using the Saka of 550 B.C. So, that is 
the Saka intended by VM in his Brhat Samhitd, he says. 
The argument seems to be perfect. 

But this is the fallacy in it: If the Jovian year is to 
be worked out a priori using the Kali years gone, the 
years should be counted from Vijaya and not from 
Prabhava. This condition is specified in the very Surya 
Siddhanta whose elements Prof. Rai uses for computa¬ 
tion, and this has been missed by him. 49 Now counting 
52 from Vijaya, we get only the 18th year of the Prabhava 
series, viz. Parana, and this agrees with Saka of 78 A.D. 
and not the Saka of 550 B.C. Thus Prof. Rai’s argument 
fails. In the result, it is only a proof for taking VM’s 
Sakakala to be the Sdlivdhana Saka, and discarding the 
Saka of 550 B.C. 

Prof. Rai seeks further support to hjs theory by 
stating (ib., p. 71) that, “Albiruni writing in 1030 A.D. 
not only talks of Bhaskaracharya, but also mentions his 
book ‘Karana Kutuhala’ ”, that the date of composition 
of Karanakutuhala given in the work itself, viz. Saka 
1105, if taken in the Sdlivdhana Saka would be 1183 A.D., 
i.e. 150 years after Albiruni, which is patently impossible, 
that “Weber in his Book on Sanskrit Literature (p. 262) 
notices this anomaly, but is unable to offer any explana¬ 
tion” (Weber, History of Indian Literature, Lnglish 
Translation, London, 1914), and that “if we take this 
Saka commencing from 550 B.C., the riddle is solved”, 
for this would take Bhaskara to the 6th cent. A.D., long 
prior to Albiruni. 

The answer to Prof. Rai is given by Bhaskara himself 
who indicates that he uses only the Sdlivdhana Saka, for 
he says that 3179 is to be .added to the Saka year to get 

49. Cf. DvadaUighna gurar ydta bhagapu vartamifiakaih I 

raiibhih sahitah, iaddhah ?asfya syur ‘'Vijaya dayah‘'\\ J.55 [] 
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the Kali years gone (C/. Siddh. Siromani, Ganita, 
Madhyama, Kalamana, 28). Moreover Albiruni’s words 
in the context do not warrant the name Bhaskara at all, 
nor does he mention anywhere a work Karana- Kutuhala’ 
(the work named being a Karana-Sara’). It has also to 
be added that Prof. Rai is not speaking the facts when he 
says that Weber “is unable to offer any explanation”. 
As a matter of fact, in contradiction to what Prof. Rai 
says, Weber offers on the very page that Rai refers to 
(page 262) several explanations: Weber says that “we 
have scarcely any alternative save to separate Albiruni’s 
‘Bashkar’ son of i Mahdeb' , and the author of ‘Karana- 
sarcC from the Bhaskara, son of Mahadeva, and author 
of Karanakutuhala” . (Note that none of the three names, 
neither that of the author, nor of his father, which is 
really Mahe§vara and which Weber himself draws 
attention to in a footnote, nor of the work, tallies). 
Weber again suggests that his translation of the Arabic 
words of Albiruni might be wrong, for “Albiruni usually 
represents the Indian bh by b-h, and for the most part 
faithfully preserves the length of the vowels, neither of 
these is here done in the case of Bashkar, where, more¬ 
over, the s is changed into sh”, and adds in a footnote 
that in the passage under discussion “there lurks not a 
Bhaskara at all, but perhaps a Pushkara”. 50 Even if the 


50. Weber’s doubts about the translation of the Arabic passage 
are only too well founded, for we find Sachau translating 
the passage as: “Further there is an astronomical hand¬ 
book...by Vitte&vara, the son of Bhadatta (? Mihdatta ) of 
the city of Nagarapura, called Karapasara.” Cf. Alberuni’s 
India, E. C. Sachau, London, 1910, vol. I, p. 156. The 
since published by the Astronomical and 
Sanskrit Research Society, New Delhi, gives gbst: 

are*” (JTCTWTfyspR, 1.1). itKU 1.21 gives the date of 

work as 826 and the author's birth as 802 I. 10 gives 
that 3179 years are to be added to the Saka years to get 
Kali years. 
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passage refers to a Bhaskara, Weber suggests that "we 
may have to think of that elder Bhaskara, ‘who was at 
the head of the commentators of Aryabhata, and is 
repeatedly cited by Prthiidakasvamin, who was himself 
anterior to the author of the Sir omani ”. It is in the face 
of these facts that Prof. Rai coolly asserts that Weber 
“is unable to offer any explanation!” (Here Rai only 
follows T.S.N’s remarks.) 

We may add here that the epoch of Karanasara, 
which is mistaken for Karanakutuhala, is given by 
Albiruni as Saka 821 (A.D. 899) (AlberunVs India, 
Sachau, I. 392), and obviously Prof. Rai’s Bhaskara of 
the 6th cent, cannot write a work 300 years later! So 
Prof. Rai’s argument only goes against his own theory. 

Thus nothing can shake the evidence showing that 
the Saka mentioned by VM is the Salivdhana Saka and 
that the date Saka 427 given by him in his PS is 505 A.D. 
Incidentally it has also been shown that the Saka era used 
by Brahmagupta, Bhattotpala and Bhaskara II is the 
Salivdhana Saka of 78 A.D. 

We propose to show in a subsequent article the 
untenability of certain other claims of these scholars 
referred to in the Introduction and that everywhere when 
the word Saka occurs as the name of an era, it is only the 
Sdlivdhana Saka that is meant, and therefore or otherwise 
there is no case for postulating a Cyrus or Andhra Era 
of 550 B.C. 


An/cricm. ? c-olL v &fLiL£fi lA. 



THE UNTENABLILITY OF 
THE POSTULATED SAKA OF 550 B.C.* 

I. Introduction 

It has been shown in the preceding study that the 
6aka Era used or alluded to by astronomers like Varsha- 
mihira (VM), Brahmagupta, Bhattotpala, 3ripati, Bhas- 
karas I and II, etc. is the era starting from 78 A.D., 
later known as the Salivdhana Saka, and not the era of 
550 B.C. postulated by the late T. S. Narayana Sastri 
(TSN) or V. Thiruvenkatacharya (VT) and called by them 
the Cyrus Era or the Andhra Era, respectively. Inciden¬ 
tally we have shown to be untenable their statements that 
Aryabhata belonged near to 2742 B.C., VM to 123 B.C., 
Brahmagupta to 36 A.D., Bhattotpala to 339 A.D. and 
Bhaskara II to 522 A.D., and thereby we have proved that 
VM belongs to 505 A.D. and Bhattotpala to 966 A.D. and 
indicated that the real date of Arayabhata is 499 A.D. and 
of Brahmagupta 654 A.D. 1 

In the same way it can be shown that wherever other 
astronomers or writers like Kalhapa and Albiruni mention 
a §aka Era, it is this §aka of 78 A.D. they mean. The 
tradition of almanac-makers also suports this, for they 
all give in their almanacs only this Saka Era and not the 
alleged other one. In inscriptions and documents also, in 
short, in every case where a date in Saka Era is given, it 

♦ Rep. from JIH (Trivandrum), 37 (1959) 201-24. 

1. In the same way we can easily see that the date of Bhaskara 
IPs work, the Siddhanta Siromani, is 1150 A.D., from his 
statement : 

rasa-gupa-pvrya-mahl (1036) sama S'aka-nrpa-samaye 
’bhavan mamotpattih/ 

rasa-gup a ( 36 ) var$enq maya Siddhanta Siromani racitafijj 
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is this Saka alone, though this is disputed by TSN and 
(till recently) by Sri Kota Venkatachelam (KV) in the case 
of the Aihole Inscription (to which we shall revert later). 

II. VM’s Brhat-Samhita XIII. 3 considered 

We shall now take up for discussion Bfhat-Samhitd 
of VM {Bp Sam.) XIII. 3 referred to by us in the previous 
paper, which TSN and others consider as their strong¬ 
hold, and which we left over *for detailed consideration 
later: 

dsan maghdsu munayah sdsati pfthvim yudhisthire 

nrpatau / 

sad-dvika-paiica-dvi-yutah Sakakdlas tasya 

rdjnas ca // 

This stanza occurs in the context of the Saptarsi-cdra 
or the alleged ‘Motion of the Seven Sages’, {i.e., the group 
of stars Ursa Major or the Great Bear), among the twenty- 
seven asterisms, given for use in astrological prediction. 
To find the position of the group at any time, three things 
are necessary: (i) its position at a given time; (ii) the 
time elapsed from the given time to the time for which 
the position is required, and (iii) its rate of motion. The 
above stanza gives (i) and (ii), viz., that at the time of 
Yudhi§(hira’s rule the Sages were at the asterismal seg¬ 
ment Maghd, and the time elapsed from this time to any 
year in the Saka Era is the number of the year in the Saka 
Era plus 2526. (Requirement iii is given in the next 
stanza, XIII. 4, as one asterismal segment for 100 years). 

Now TSN and KV argue thus : (a) This stanza is a 
quotation from Vrddha Garga (VG), and so VG knows a 
Saka Era which he mentions here. It is accepted by all 
that VG lived long prior to 78 A.D., the starting point of 
the Salivahana Saka. So this Saka must be an earlier Saka, 
viz., that of 550 B.C. postulated by them, (b) The first 
half of this stanza says the Sages were in Maghd during 

37 
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Y.udhi§thira’s time. The Puranas and VG etc. say that 
at the junction of Dvapara and Kali yugas, the Sages 
were at Magha and Yudhisthira was ruling. 25 years after 
the advent of Kali, the Sages moved to the next asterism 
from Magha and in that year Yudhisthira left this world 
for heaven. The second half of the stanza states that the 
Sakakala mentioned therein started 2526 years after 
Yudhisthirakala. If we take Yudhisthirakdla to have 
started from the time he went to heaven, i.e. after 25 Kali 
equivalent to 3076 B.C., this Saka must have started 
2526 years after this, i.e. from 550 B.C., and is evidently 
quite different from the §aka starting from 78 A.D. 

It is in the light of this conclusion, and in support of 
it, that TSN etc. say (as we have discussed already in the 
previous paper), that the Sakakdla mentioned by VM in 
other places in his works, and also by other astronomers 
like Brahmagupta, is this §aka of 550 B.C. But we have 
proved conclusively in the previous study that in those 
places it is the §aka of 78 A.D. that is referred to. a There¬ 
fore the conclusion here arrived at by TSN etc. must 
stand on its own legs. We shall proceed to examine this 
now. Even at the outset we can say that it is extremely 
unlikely that VM means here alone a §aka different from 
what he means by the same word elsewhere in his works; 
and therefore he must mean the §aka of 78 A.D. here 
also. All the same we shall examine their arguments. 

(a) The alleged quotation of Vrddha Garga 

The reasoning (a) is based on the assumption that 
the stanza is a quotation from VG, which it is not. The 


2. There is one other place were VM mentions the gakakala 
viz. dvyunam S 'akendrakalam etc. (Pancasiddhantika, XII. 
1), which we have not taken for discussion. This mention is 
in connection with the rough Paitamaha Siddhanta, and as 
no useful purpose will be served by discussing it, and as 
it is not taken into consideration by TSN eic. also, we have 
left it t?ut. 
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actual words of VG are quotod by the commentator 
Bhattotpala in his commentary on this stanza: cf. tdthd 
ca VyddhaGargah : “Kali-Dvdparayoh sandhau sthitas 
te pitydaivatam” (At the junction of Kali and Dvapafa, 
they—the sages—were at Magha). It is to be noted 
that thus would be redundant if the staza in question 
also were VG’s, both giving the same idea, viz. the 
situation of the Sages. It may also be noted that this is 
in a different metre. What VM means by his statement 
in the introductory stanza, kathayisye Vyddha-Garga- 
matdt (By. Sam. XIII. 2) is only that he is giving the 
astrological predictions due to the motion of the Sages 
as based on the work of VG, as indicated by the word 
matdt (‘opinion’) used here. Also in all the other cdras 
given in the other chapters of By. Sam , like Adityacara, 
Candracdra, Rahucdra etc., what VM means by cdra is 
the prediction based upon the motion and not the actual 
motion , and so must it be here also, (the actual motions 
being given in a ganita work like the Paiicasiddhdntikd). 
If in the case of the Sages the motion also is given, it is 
because it is simple, has not been given elsewhere, and is 
necessary for the main purpose, viz. , the prediction 
according to the motion. Thus it is the prediction 
that VM says he gives according to VG. So this stanza 
which serves to find the position of the Sages need not 
necessarily be, and as we have shown, is not, VG’s.* This 


3 This is the reason why this stanza has not been taken as 
VG’s by other scholars also. For e.g. Colebrooke writes : 
“The commentator, Bhattotpala, supports the text of his 
author (viz. VM) by quotations from VG and KaSyapa: ‘At 
the junction of the Kali and Dvapara ages’, says Garga, 

‘the virtuous Sages.stood...’ at Magha” (Miscellaneous 

Essays, London, 1873, voh III, p. 313). Cunningham writes: 

“His (VM’s) words are.“The Seven Seers etc.,’ But 

unluckily for VM, his commentator Bhatta Utpala has given 
us the very words of Garga, who simply says, ‘At the 
junction of the Kali and Dvapara ages the virtuous Sages 
.stood at the asterism over which the Pitrs preside. 


57 1 HjdxrLtmlcjaL 






292 COLLECTED PAPERS 

being the case, it cannot be argued that Garga who came 
long prior.to 78 A.D. knows a Sakakala and therefore 
this Sakakala must be the earlier postulated one of 
550 B.C. 

(b) The Time of Yudhisthira 

We now pass on to consider (b), the second and more 
important reasoning of TSN etc., viz., that VM in this 
verse refers to Yudhisthira who lived at the beginning of 
of Kali and rose to heaven 25 years after Kali set in ( i.e. 
in 3076 B.C.) and so the Saka Era beginning 2526 years 
after that must be the postulated Saka of 550 B.C. But 
we answer, there is nothing in this verse to show that 
in VM’s opinion Yudhisthira lived at the beginning of 
Kali. On the other hand, it can be shown that VM 
might have meant a time about 650 years after Kali, or 
even that he did mean this later period for the time of 
Yudhisthira, and therefore the §aka Era following 2526 
years after, cannot be the postulated £aka of 550 B.C., 
but can only be the well-known §aka of 78 A.D. It is a 
fact well known to scholars (inclusive of TSN etc.) that 
the junction of Dvapara and Kali (3102 B.C.) is not the 
only period with which Yudhisthira is associated. This 
is according to one school; but there is at least one other 


that is Magha'. On comparing this quotation with Varaha’s 
statement (in the stanza in question) we see at once that he 

(VM) has suppressed Garga’s mention of the Kaliyuga.” 

(Book of Indian Eras Culcutta, 1883, pp. 9-10). This shows, 
that Cunningham considers that VM is not quoting the 
stanza, but that it is VM’s own. P. V. Kane says: ‘In 
the preceding verse VM says that he will declare the motion 
of the seven sages by deriving it from the doctrine of VG. 
The first mistake of the writer (It is KV that he refers 
to here) is to hold that verse XIII.3 came originally from 
Garga Samhitn. Really it is VM’s own verse. Utpala quotes 
the verse of VG, on this point, which is in a different metre, 
though the meaning is the same as the first half of XTTT V» 
(JAHRS XXI (1950-52) 41). 
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school ( e.g . that of the Jain and Buddhist writers) who 
take it that Yudhisthira lived about 500 years later. They 
use a Yudhisthira Era which began in 468 Kali (corres¬ 
ponding to 2634 B.C.). 4 Even of the first school mention¬ 
ed, not all associate the same event of Yudhi§thira’s life 
with the beginning of Kali, 3102 B.C. There are four sub¬ 
schools here (Fleet says three, but mentions all four, 
JRAS (1911) 676-78, ‘The Kaliyuga Era of B.C. 3102’). 
One sub-school believes that the first coronation of 
Yudhi§lhira at Indraprastha was the beginning of Kali 
and the commencement of the Yudhisthira Era ® Another 
makes the Bbarata war and the beginning of Kali 

4. Vide: i, Jinavijaya “ r§ir varas tatha purpam martyakgau 
(2077) vamamelanat” "nandah purpam bhuica netre maujanam 
(2109) ca vamatah” quoted by TSN in bis Age of Sankara, 
(Madras, 1916 ff.), Pt. I. ch. iii, pp. 139 and 141, and also 
his adding 468 to get the year in the Kali Era. It has be 
added that TSN’s alleged quotations from this work are his 
concoctions. We have shown this in the ‘Date of Sankara” 
(see supra), ii Kota Bhaviah Chowdary’s statement j ‘Accor¬ 
ding to Jain authorities Yudhisthira was crowned in 2634 

B.C. only. From Pursue Kaliyuga (of 3102 B.C.).468 

yeass passed upto Yudhisthira”. (JAHRS XXII (1952-54) 53 
Cf. also Cunningham, Book of Indian Eras, p, 7, where he 
speaks of Abul Fazal giving in his Ain-i-Akbari three views 
on the subject, of which one is the regt'n of Kamsa, (uncle 
of Kf^na and so contemporary of Yudhijthira) “above 
4000 years before the fortieth of Akbar”, (i.e, 1595 A.D.), 
that is between 2400 and 2500 B.C.’ This would give 
Yudhisthira a date about 2407 B.C. or the 7th cent, in Kali, 

5 The inscription in the temple of Hanuman at 
Jasalmer, Rajaputana, gives a date in this era. The speech 
of Hanuman in the Mahabharata, Vanaparva, ch. 151 , 
verse 39 (Kumbakonam edn.) containing the words etat 
kaliyugam nama acirdd yat pravartate, and Kr?tja’s excuse for 
the unfair fight with the words prsptam Kaliy ugam viddhi 
( ib . S’ alyparvan, ch. 61, verse 27) support this. Abdul 
Fazl expresses another view that the Mahabharata War 
was fought 4801 years before the 40th year of Akbar’s rule 
and 105 years before the end of the Dvapara age, (see ib). 
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synchronous. 6 A third says that Kali began at the death of 
Krspa and his ascent to heaven. 7 The fourth sub-school 
says that Yudhisthira’s abdication and starting on the 
Mah&prasthana was at the beginning of Kali. 8 The reason 
why there are so many views must be explained by the 
fact that the traditional idea of the ages like Kfta, Treta, 
Dv&para and Kali with their specific characteristics, was 
earlier than the integration of the beginning of the tradi¬ 
tional Kali with that of the astronomical Kali answering 
to 3102 B.C., which was computed later by astronomers 
like Aryabhata so as to form a convenient point of 
reference for the Mean Planets. Thus the Kali Era, said 
to begin with 3102 B.C., is an extrapolated era, and in 
examining any date mentioned in this Kali Era, this 
fact should be borne in mind. 

Now, in this multiplicity of schools on this point, 
which is a fact accepted by all, resulting from the inte¬ 
gration of the traditional Kali with the astronomical Kali, 
there is the possibility of VM’s statement representing 
one other school or at least a variant of the Jain school, 
differing as it does, from it only by about two centuries. 
Kalhana, the Kashmirian chronicler of the 12th cent. 
A.D., is one of those that subscribe to this school; for not 
only does he quote in his Rdjatarangini this -verse of 


6. Eg. the Aihole Inscription. See discussion infra for 
details. This view is mentioned also by Abul Fazl, which 
is 4696 year before the 40th year of Akbar’s rule, (see ib). 

7. The Pur a (i as express this view. Cf; 

yasmin Kj-sno divam ydtah tasmin eva tadahani / 
pratipannah Kaliyugah tasya sahkhydm nibodhata 11 

Brahmapda Purana , ch. 74, verse 241 (Venk. Press edn.). 
V&yu has the same reading. Visnu, Matsya and the Bhagavata 
have almost the same reading. 

8. The words in the Aryabhafya, Gurudivasac ca bhdratat 
purvam, (Gitika , 5), which is explained by ParameSvara as 
‘the day of the Mahaprasthana’, support this. 
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VM. but also expresses his own concurrence with it in so 
many words: 

Bhdratam Dvdpardnte ’bhud vdrtayeti vimohitdh / 

kecid evam mrsa tesam kdlasankhydm pracakrire jj 

1.49// 

***** 

satesu satsu sdrdhesu tryadhikesu ca bhutale / 

Kaler gatesu varsandm abhuvan Kuru-Pdndavah j / 

'1.51// 

***** 

sat-dvika-panca-dvi-yutah Sakakalas tasy rdjnag ca / 

I.56b II 

“Some people have been misled by the statement 
that the Bharata (War) was at the end of Dvapara, 
and have given a wrong chronology to the kings (the 
Pandavas, Gonanda etc.) --The Kurus and the Pandavas 

came when 653 years had passed in Kali. The time 

in the Saka Era plus 2526 is the time of his rule, i.e. 
the time in the epoch beginning from his (Yudhis- 
thira’s) rule.” 

It may noted that 653 plus 2526 (the numbers here 
given) equal 3179, the well-known converter of Saka 
into Kali and vice versa. Not only is Kalhana a believer 
in this school, but he is also certain that VM belongs 
to this school, as seen by his statement ‘Samhitdkdraili 
(Rdjatarangini, I. 55) and his quotation of VM following 
immediately (I. 56). CunDingham also thinks the same 
as seen from his statement, “As VM places the Great 

War 653 years after the beginning of the Kali Age.” 

(op. cit. p. 11). Again, Prof. P. C. Sengupta, who in his 
Ancient Indian Chronology (Univ. of Calcutta, 1947) in 
seeking to determine the date of the Bharata War 
astronomically (see chs. I-IIl) favours this school, and 
comes to the conclusion that: ‘‘The date of the 
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Bharata Battle is thus astronomically established as the 
year 2449 B.C. (Kali 653), which is supported by the 
Vriddha Garga tradition recorded by Varaha Mihira,,’ 
(see p. 19). Now it must be noted that the mere possibi¬ 
lity of following this school is sufficient for our purpose, 
as we have stated above, 

Nor, can the objection be raised that VG and the 
Purartas associate the Sages with Maghd at the beginning 
of Kali, and that in this verse too, as the Sages are 
declared to be at Maghd in Yudhi§thira’s reign, the time 
here should be taken as the beginning of Kali, and so 
the time given for Yudhi$thira’s rule must be the begin¬ 
ning of Kali, and not 653 Kali. For, the beginning of 
Kali is not associated with Maghd alone. The Matsya 
Purdna says (ch. 271, st. 41) that according to the Srutar- 
sis the Sages were at Kjittikd at at the beginning of Kali, 
and TSN and KV are aware of it (TSN quotes it and 
explains it, see The Age of Sankara, Madras, 1916 ff., 
App., pp. 166-67; so also KV, Plot in Indian Chronology, 
34-36); They themselves say that in VM’s opinion also 
the sages were at Kyittika at the beginning of Kali (TSN. 
ib., p. 171; KV, ib. p. 36, and ‘Indian Eras’, JAHRS 
XX. 77). 9 According to Aryabhata II and Parafora too 

9. In fact, nowhere does VM say that the sages were at 
Kfttika at the beginning of Kali. This must be an inference 
of Cunningham when he gives (cf. Table on p. 17 of his 
Book of Indian Eras ) 3177 B.C. for the beginning of Kfttika 
according to VM, inference from the fact that according to 
him the Sages passed to Maghs in the 7th cent, after 
, Kali {cf. same Table). TSN and KV seem to have simply 
taken Cunningham’s statement as true without question. 
They only object to Cunningham’s treating the motion as 
direct, while according to them it is retrograde. But they 
fail to see that if the motion is retrograde, the Sages should 
1>e at -Anuradhs (and not at Krttika) at the beginning of 
, „. Kali, if. they are to . come to Maghd seven centuries later 
The Cunningham’s inference would be wrong and their 
acceptance of it woujd ajso be wrong. 
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(for details see below), the Sages were at Kfttikd at the 
beginning of Kali. They were at Sravana according. 
to Sakalya and Munisvara, and at Rohini according to 
Lalla (for details, see below). So the objection raised 
above does not stand. Now, according to Aryabhata II 
and Parasara, who give Krttika, it is easily seen that 
the Sages will be in Maghd in the 7th cent. Kali, for 
Maghd is the seventh asterism from Kfttikd and the 
motion is about one century per asterism. Thus, there 
can be no objection to the Sages being in Maghd in 
the 7th cent. Kali. It is only if the motion of the 
Sages is taken to be retrograde (as TSN and certain 
others think) according to Aryabhata II, Parasara and 
VM, that the Sages cannot be in Maghd in the 7th cent. 
Kali, but would be far away from it. But it is not 
retrograde according to Aryabhata II, Parasara and VM, 
as also according to other astronomers who give rules 
for the motion, which we shall show. 

III. (a) ‘Motion of the Sages’—Direct, not Retrograde 

This requires a knowledge of the motion of the Seven 
Sages 10 which we shall give in some detail because there 
is a lot of misconception among scholars (including TSN, 
KV and VT) about this, which in turn vitiates the results 


10. The following are the names of the Sages, with their 
Right Ascension and Declination for c. 1900 A.D.: (i) Kratu 
(Alpha Ursa Major) 10 h 58 m , +62° 17'; (ii) Putaha (Beta 
Ursa Major) 10 h 56 m , +54° 55'; (iii) Pulastya (Gamma Uras 
Major) ll h 49 m , +54° 15'; (iv) Atri (Delta Ursa Major) 12& 
10 m , +57°; (v) Angiras (Epsilon Ursa Major) 12 h 50 m , -f-56° 
30'; (vi) Vasistha (Zeta Ursa Major) 12 h 50 m , +56°; (vii) 

Marici (Eta Ursa Major) 13 h 44 m , -t-49° 49'. For compari¬ 
son we shall give the asterisms belonging to the correspon¬ 
ding ecliptic segment: Magha (Alpha Lenois) 10 h 3 m , +12° 
27'; Pur. Phal. (Delta Lenoise) ll h 9 m , +21° 4', Ut.Phal.( Beta 
Lenois) ll h 44™, +15° 8'; Hasta (Beta Corvi) 12 h 29 m , —25° 5'; 
Citra (Alpha Virgo) 13 h 20 m , —10° 38', Svati (Alpha Bootes) I4*» 
ll m , +19 0 42\ 

* 3§ 
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of their researches. It was believed by the authors of the 
ancient Jyotisa Samhitd, like VG, that the Sages had a 
motion of their own among the other stars, just like the 
planets, the rate of motion being given as 100, or nearly 
100, years per asterism (13° 20'). It may be said, even at 
the outset, that there is no such motion as claimed to exist 
by the authors of these Samhitas and followed up the 
Puranas and some of the later astronomers; that the Sages 
are always to be associated only with the Phalgums, Hasta 
and Citrd asterisms (see fn. 10); and that the theory of 
their motion is wrong, howsoever it might have origina¬ 
ted. 11 That is why many standard astronomers and 


11. (i) A number of explanations can be given as to how this 
wrong theory of motion could have originated, but as this is 
beside the point, we stop with saying this much. Some people 
believe in the reality of this motion and try to explain it accord¬ 
ingly, using the theory of the Precession of the Equinoxes. For 
a.g. (i) VT says that because the celestial Pole moves in a small 
circle once round the Pole of the Ecliptic in about 27,000 
years, the point of inter-section of the Ecliptic with the line 
joining it and the mid-point of the first two stars consti¬ 
tuting the Sages also moves. As the Sages are said to be 
at this point of intersection, they are also considered to 
move (see his Popular Astronomy, Madras, 1958, pp. 138-40). 
But this simulated motion can be only a small fraction of 
of the value of the motion according to the Samhitas 
which is as great as 13° 20' per century. Also, while the 
Samhitas say that the motion is uniform and traverses the 
ecliptic completely, this simulated motion will not be uni¬ 
form, and will be oscillatory and restricted to a small 
segment of the ecliptic. Thus it will be forward and 
backward, the former during the past 7,000 years and more, 
against the opinion of VT ( cf . ib., p. 139) who says that 
the motion is retrograde like that of the First point of 
Aries. 

(ii) Prof. R. Krishnamurti (according to VT, ib. 139-40) holds 
the view that the extent of the Sages in longitude is about 
'a tenth of the ecliptic. This extent is divided into 27 
equal parts, each part ‘symbolically’ forming a Nak$atra. 
The traversing of these 27 symbolic Nakfatras will (»ke 
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astronomical works like Aryabhata I, Brahmagupta, 
Sripati, Bhaskaras I and II, the Suryasiddhanta, etc., do 
not deal with the subject at all as being outside the pale 
of real astronomy. That is also why Kamalakara is cons¬ 
trained to say in his Siddhanta Tattvaviveka (Banaras, 
1880-85 ), Bhagrahayutyadhikara: 

Sakalyasamjna-munind kathitds sabandh 

saptarsitarakabhava dhruvakM calai ca/25a/ 

***** 

yair golatattvam vivftam hi taU ca 

suryfidibhir naiva vi£esa esahj 


2700 years. If it is taken that the other 9 segments also 
are so divided, it will take 10X2700-27,000 years for 
traversing the whole ecliptic. According to him, the autho¬ 
rity for this symbolic division is the following in the 
Rgveda : 

iatm te rajan bhisajas sahasram urvi gabhira sumatis te 

astu I 

badhasava dure nirrtim paracaih krtam cidertah pramumug- 

dhyasmat / / 

ami yo fksa nihitasa ucca naktam dadrse kuhacid diveyuh / 

adabdhani varunasya vratani vicakasaccandrama naktam etij j 

Rgveda 1.24.9-10 

But what have these rks in prayer of Varuna to do with 
the alleged symbolic division? What flight of imagination can 
create the idea of the symbolic division of the ecliptic from 
the two words satam and sahasram in one sentence, and 
the word rk?& > n quite a different sentence? And then Prof. 
Krishnamurti seems to suggest that the motion of the 
Sages is only another name for the phenomenon of Prece¬ 
ssion, artificialised for the purpose of chronology. 

(iii) Dr. D. S. Triveda (JIH XIX (1940) 9-12) confuses the 
motion of the Sages with Precession itself and says that 
the ancient rgis, far older than Samhitakaras, had discove¬ 
red a cycle of 27,000 years for the motion (the same as 
for Precession), but by the time of the Samhitakaras one 
cypher was lost, and the period was mistaken as 2700 years! 
He does not mention how Precession simulates the motion 
of the Sages. 
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proktas svaidstre 'sti gatir munindm 

ato na yuktd divi golarityaj 130// 

* * * * * 

adydpi kair api narair gatir dryavaryaih 

dysta na ydtra kathita kila Samhitdsu 132a./ 

* * * * O 

prayo ’tha te ca munayah kila devatamia 
drggocard nahi nyndm iha satphaldptyai/36al 

“Sage Sakalya has given the motion of the Sages 
with their positions in his time...Surya and others who 
explain the nature of the celestial sphere in their works 
do not give it and therefore the theory cannot be sus¬ 
tained astronomically...Even today this motion mentio¬ 
ned in the Samhitds is not observed by knowing astrono¬ 
mers...Therefore the seven real Sages who are (only) the 
presiding deities (of these stars ) are to be considered to 
be moving, unobserved by men, for the prediction of the 
fruits thereof.” 

But the motion has been accepted as a fact by the 
common people and the authors of the Pur anas, and an 
era called Laukika Era (by the people belonging to the 
Kashmir region) and the Saptarsi Era (by the Puranas ), 
has been founded upon this theory. 13 As already men¬ 
tioned, there are also astronomers like VM, Aryabhata II 
(cf. his Aryasiddhanta or Mahdsiddhanta, Madhyamddh- 
ydya, 1 1), Parasara (cf. Aryasiddhanta, Parasaramatadh- 
ydya, 9 ), Lalla (quoted by Munisvara in his commentary 

12. We do not know when these eras were founded. The 
Puranas say that 25 years after Kali set in, the Sages who 
had been at Magha for 100 years left it for the next 
asterism. The dates of the dynasties of kings are given in 
terms of the situation of the Sages in the different asterisms. 
The Laukika Era is the same as the Saptarsi Era with the 
number of the year in each century being generally used and 
the centuries or the reference to the asterisms omitted. 
This is used in the Rdjatarangipi to give the dates of 
dynasties and kings, as also the date of the work. 
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on the Siddhanta Siromani), Sdkalya (quoted by Munis- 
vara, ib., and by Kamalakara in his Siddhanta Tattvaviveka, 
Bhagrahayutyadhikdra 25 and under), Vatesvara, and 
Munisvara (see his Siddhanta Sarvabhauma ), who have 
accepted the motion as real on the authority of the 
ancients and given rules for the motion, which necessarily 
must agree with their own observation, or else they would 
be meaningless even for them. 13 This means that what¬ 
ever be the rule, if applied to the time of the author, the 
position of the Sages must be got as between Maghd 
and Svatt. u In giving the rules, the authors all consider 


13. vide Colebrooke, ib., p. 316-17: ‘‘...a probable inference 

may be thence drawn as to the period when these authors 
lived, provided one position be conceded ; namely, that the 
rules, stated by them, gave a result not grossly wrong at 
the respective periods when they wrote. Indeed, it can 
scarcely be supposed that authors, who, like the celebrated 
astronomers in question, were not mere compilers and 
transcribers, should have exhibited rules of computation, 
which did not approach to the truth, at the very period 
when they were proposed.” 

14. Because the Sages are always to be seen within this limit. 
Though strictly speaking the position of the first two stars 
are to be taken into consideration, still, in practice, the 
situation of the whole group must have been vaguely taken 
as the position. The Sages are said to be at the asterism 
where the declination circle passing through the mid-point 
of the two front stars (Pulaha and Kratu) that rise first, 
cut the ecliptic. This would give a position beyond Maghd 
and near Purva Phalguni, at present. (But in ancient times 
Maghd might well have been the position an account of 
the Celestial Pole having been a little more to the East 
of its present position.) But it seems that later on it 
came to be considered that the asterism against which 
the Sages are seen generally is the position. Thus we can 
get Piirva Phalguni, Uttara Phalguni, Hasta or Citra. The 
rule may also be interpreted as the segment which is seen 
to rise together with the two front stars. If this inter¬ 
pretation is accepted, we can get, on account of cara 
(oblique ascension), any asterism from Krttika to Maghd as 
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the motion as direct and never as retrograde as fancied by 
some scholars like TSN, KV, VT etc, for which fancy 
there is no support anywhere. 15 Let us take the rules 
one by one and examine them for the facts mentioned. 

VM’s rule is as follows ( Br■ Sam., XIII. 3-4) : The 
number of years gone from the time of Yudhisthira is to 
be found by adding 2526 to the Saka years gone at the 
time for which the position of the Sages is wanted. This 
is to be divided by 100, which gives the number of asteri- 
smal segments gone, and these are to be counted from 
Magha to get the position. In the context there is no 
mention of any retrograde motion, nor is it mentioned 
that the number got is to be counted backwards as in the 
case of the patas like Rahu. In the absence of any such 
specific indication we do what is normally done, i.e., 
count the segments forward, as in the case of all other 
grahas like the Sun etc. Working for VM’s time, i.e., 427 


the position for observers in North India according to their 
latitude. 

15. The idea of the retrograde motion must have originated 
very late, the reason being that it can, at that period, 
serve to reconcile faith in the theory of the motion with 
observation. (Giving various positions like Magha, K/ttika, 
Rohini, Sfravana, to the .Sages at the beginning of Kali, 
giving different rates of motion, and being satisfied with 
rough positions, are evidently only different means of effec¬ 
ting this reconciliation). The Pandits of Banaras who in¬ 
formed Col. Wilford in c. 1804, believed in the retrograde 
motion. The KaJiyugarajavrttanta , (Bh§ga. Ill, ch. iii), as 
quoted by TSN, KV and VT, undoubtedly believes that the 
motion is retrograde, by stating that 25 years after Kali 
set in, the Sages left Magha for Ailesa (See Age of Sankara, 
Pt. I, App., 139ff; JAHRS XX. 62ff; JAHRS XXII. 169-70). 
But as can be seen from the dynasties it deals with, it is 
a recent work, and cannot command authority like the 
Purapas, for the author of this work is not known and 
may be only like one of us trying to reconstruct ancient 
history from Puragic evidence. 
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§aka, we get the middle of Uttara Phalgunl as the position 
of the Sages, which is well within the limit for agreement 
with observation. If we count backwards taking the 
motion as retrograde, we get the middle of Pusya, which 
is far outside the limit, and this also shows that the rule 
implies only forward motion, as we have already deter¬ 
mined. 

Arybhabhata II gives the rule in the form of cycles 
per Kalpa, even as the Siddhantas do for the planets. He 
says there are 15,99,998 cycles in the Kalpa and the cycles 
commence 30,24,000 years from the beginning of the 
Kalpa. Here too there is no indication of retrograde 
motion. Calculating from the above date we find that at 
the beginning of the present Kali the Sages are at 2*38 
segments (counting from Aivini), i.e., they have passed 
Bharam and been in Kfttika for 38 years. It is easily 
seen that at 662 Kali the Sages will cross to Magha 
according to this Siddhanta. Compare this with VM’s 
rule that would give the crossing to Magha in the 7th 
century Kali (exactly speaking 653 Kali; for going back 
2526 years from zero Saka. equal to 3179 Kali, we arrive 
at this date). 16 

We now pass on to Parasara. His rule is the same 
as that of Aryabhata II, with the difference that in Para- 
sara’s case the cycles begin at the commencement of the 
Kalpa itself. This would give for the commencement of 
Kali the position 2 - 34 naksatras, counting, of course, from 
Afvini, i.e., after crossing Bharam, the Sages have been in 
Kfttikd for 34 years, and at 666 Kali the Sages pass on to 

16. For c. 700 A.D. the position of the Sages would be Citra , 
which, being within the limit of observation, we can con¬ 
clude that the date of Aryabhata II is c. 700 A.D. Though 
a date within three centuries earlier is possible, it is not 
likely; a date as late as can be within the possible period 
h^s to be fixed for Aryabhata II on other grounds. 
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Magha. 17 See how close this is to 662 and 653, the dates 
according to Aryabhata II and VM, derived above. 18 

Now for Lalla’s rule: As said before, the rule is 
quoted by Munisvara in his commentary on the Siddhanta 
Siromani. It is this : Deduct 14 from the Kali years gone 
and divide the remainder by 100. Asterisms are got, 
which are to be counted from Rohini. 19 Here too it is to 
be noted that no backward counting is enjoined, and the 
rule must normally mean forward counting as in all rules 
where nothing is said. It is to be noted that according 
to'this rule, the Sages pass to Rohini from Krttika, 14 
years after Kali set in, i.e., they have been in Krttika for 
86 years before the beginning of Kali, (agreeing with VM 
within half a segment). Taking the date of Lalla to be 
650 A.D., ao the Sages would be at Citrd in his time, 

17. For details see Mahasiddhanta, Ed. Sudhakara Dvivedi, Banaras, 
1910, Contents in English, pp. 1-4. See also Cunningham, 
ib., p. 8. 

18. Obviously, the probable date of Para^ara would also be 
c. 700 A.D. or within some three centuries earlier. This 
would give sufficient time for Aryabhata II to refer to 
Para$ara’s views in his work. 

19. Lalla uses the word virinci (a synonym for Brahma or 
Prajapati). All but MuniSvara take this as Rohini, and this 
would give the Sages a position agreeing with observation 
in Lalla’s time, c. 650 A.D. But Munisvara, in order to 
make it agree with his own observation, takes it as Abhijit 
(whose deity is Vidhi, another synonym for Brahma), which 
is almost the same as Sravapa. Naturally, MuniSvara is 
unaware that for Lalla’s observation it is Rohini that 
would give the agreement. He seeks support for his inter¬ 
pretation from Sfakalya Samhita, Prailna II, ch. ii, the state¬ 
ment, “ Kratu was at Vi?uu’s star at the beginning of Kali.” 

20. It has been shown in the Introduction to the Mahabhaska- 
riyam (Ed. T. S. Kappanna Sastri, Madras, 1957), p. xviii, 
that Lalla is later than Brahmagupta, having commented 
upon his Khapdakhadyaka, and so he could not have been 
a disciple of Aryabhata I, and so not much earlier than 650 
A.D. 
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According to Sakalya Samhitd, “Kratu, one of the 
Sages, enters Sravana at the commencement of Kali and 
the Sages have direct motion every year at the rate of 8 A 
(which rate is equivalent to one asterism per century);”c/. 

yugddau vtsnutdrdydh kratur bhddye vyavasthitah / 
pratyabdam “prdggatis ” tesdm astau liptd Munisvara/j 

(Quoted in Kamalakara’s Com. on his own Siddh _ 
Tat. Viv., Bhagrahayutyadhikdra, under stanza 25) 

According to VateSvara, Madh. 15, 

n ctrafa 11 1692 11 

So the rule would be to multiply the Kali years by & 
and divide by 800, to get the asterisms. These are to be 
counted forward from Sravana. It may be noted that 
here eastward motion, i.e., direct motion , is specifically 
stated. Kamalakara, too, explaining the motion as really 
that of the presiding sages, says in the same context 
that the motion is eastward, i.e., direct; cf., sd prdggatir 
munivarair bhagatd mumndm ( ib., 36). According to this 
rule, after 1100 A.D. the Sages would move to Maghd , 
and we can place this work at the earliest in c. 1100 A.D. 

Lastly, for the rule of Munisvara given in his 
Siddhanta Sdrvabhauma. Deduct 600 from the Kali years. 
Double the remainder and divide by 15. The position of 
of the Sages in degrees in got. This divided by 30 gives 
the position in the rdsis. This rule again clearly takes 
the motion as direct. According to Munisvara the Sages 
cross to Aivini at 600 years Kali (which is equivalent to 
the statement of !§akalya, for according to !§akalya’s rule 
too the Sages enter Aivim at 600 Kali). At the time of 
Munisvara, according to his own rule, the Sages would 
have crossed from Citrd to Svdti which is just outside the 
limit, and which position Munisvara should have accepted 
as agreeing with observation because the difference was 

39 
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not much. (It would have satisfied him better if some 
astronomer had said or if he could obtain, by quibbling, 
the Sages were at Sravisthd or Satabhisak at the commen¬ 
cement of Kali. No such thing was available, and the 
best he could have was Sakalya, and he had to be satis¬ 
fied with that). 

Thus all authorities either state or imply only direct 
motion, and there is no authority for retrograde motion. 
That is why scholars like Cunningham (as already men¬ 
tioned), “fSriyut Sris Chandra Vidyarnava, Dr. Jayaswal 
and many others” (in the words of Dr. Triveda, JIH 
XIX, 11) have considered the motion direct. There may 
be some like “the most famous astrologers of Banares 
who informed Col. Wilford”, (cf. Triveda, ib., p. 10), 
and the author of Kaliyugardjavfttanta who believe the 
motion to be retrograde. But in the light of what we 
have said, they must be wrong (see Fn. 15). 

Ill (b). The Puranas on the motion of the Sages 

Also, the Puranas do not say whether the motion is 
direct or retrograde. We cannot get any indications 
regarding the direction of the motion of the Sages from 
the Puranas themselves, as they are vitiated by emenda¬ 
tions and interpolations, made to affect the very point 
which we are trying to decide. Still, some scholars resort 
to them for support, and it is not surprising that they fail 
to establish anything. Dr. Triveda is one such: 21 he not 
only does not prove his point, but proves the contrary of 
what he desires to prove, as also the lack of clearness in 
his mind. For e.g.: He says : (i) “But in fact their (the 
Sages’) motion is retrograde as from the word Precession, 
pre= purva or east, and cession from Fr. cedare— go” (ib., 
p. 11). (ii) “Kamalakara Bhatta also says in his Siddhanta 
Tattvaviveka, ‘pratyabdam prdggatis tesdm’; that is, in 

21. Cf„ his article, “The Intervening age between Parikshit 

and Nanda', JIH XIX (1940) 1-16. 
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every year their motion is from West to East.” (ib. p. 11)^ 
(iii) “C. A. Young in his A Text Book of General Astro¬ 
nomy published in 1904 says on page 141, ‘The Equinox 
moves westward on the ecliptic, as if it advanced to meet 
the Sun on each annual return’. So it is certain that 
their motion is contrary to that of the Sun, and it is retro¬ 
grade.” (ib., p. 11) 

Let us examine his statements here, (i) If Precession 
is retrogade, why should the motion of the Sages be retro¬ 
grade also ? Are they the same phenomenon? If he means 
that the motion is derivable from Precession, he has not 
shown it, and cannot show it, because it is not so (see 
Fn. 11 (i) above). Even if some connection be establi¬ 
shed between the two, in the period we are considering 
the simulated motion would be directed only opposite to 
Precession (see Fn. 11 (i). He is not aware that the deri¬ 
vation he gives for the word ‘Precession’ would mean 
direct motion even for Precession, and not retrograde 
motion, for ‘ going east ’ means ‘ direct motion ’. (ii) Dr. Tri- 
veda’s quotation from Kamalakara is plainly against him¬ 
self, for from west to east ’ is * direct motion’, and not 
otherwise as Dr. Triveda thinks, (iii) Young rightly says 
that the Equinox moves westward, i.e. it has retrograde 
motion. But what has that to do with the Sages? Triveda 
does not perceive that from here it can be understood 
that it is westward motion that is retrograde, and not 
eastward motion, as he thinks. 

Under the delusion that he has proved the motion of 
the Sages to be retrograde, Dr. Triveda proceeds to apply 
this to the following statement in the Puranas in order to 
establish his thesis that the interval between Pariksit and 
Nanda is 1500 years (given by one reading) and not 1015 
or 1050 years (given in certain other readings (cf. Triveda, 
ib., pp. 1-3, 12-15). We shall briefly examine this in 
order to expose the errors in his reasoning, for if he 
establishes his point by using his theory of retrograde 
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motion, that might be taken by some as a point in favour 
of the theory of retrograde motion itself, even after all 
that has been said by us to establish that the motion is 
direct. 

The Puranic statement is as follows : 2Ia 

Mahapadmabhisekat tu ydvaj janma Panksitah / 

(or ydvat Pariksito janma ydvan Nandabhisecanam /) 
evam varsasahasram tu jheyam pahcaiaduttaram 

(1050)// 

The last foot has the variants: Satam pahca daiottaram 
(i.e., 1510) or pancada&ttaram (i.e., 1015) or pahcasatott- 
aram (i.e., 1500) (Visnu Purana, IV. xxiv. 104; Bhdgavata, 
XII.ii 26; etc.). Triveda’s thesis is to establish the interval 
to be 1500 or 1510 (according to two readings given) 
using the Saptarsi Era given in the following Puranic 
statement: 22 

pray asy anti yadd caite purvdsddhdm maharsayahj 
(or yada maghabhyo ydsyantipurvdsddhdm maharsayah)l 
tadd Nanddt prabhytyesa Kalir vyddhim gamisyatij / 

(Visnu Parana, IV.xxiv. 112; Bhdgavata, XII.ii.32; etc.) 

It is said here that when the Sages pass from Maghd , 
(their position at the beginning of Kali when Pariksit was 
ruling), to Purvdsadhd at the time of Nanda, the Kali will 
worsen. From Maghd to Purvdsadhd the Sages pass 
10 asterisms in their course, taking the motion to be 
direct, (as we have established), i.e., about 1000 years from 

21a. See the text and the variants recorded by Pargiter, The 
Purana Text of the Dynasties of the Kali Age, O.U.P., 1913, 
p. 58. 

22. See Pargiter, ib., p. 62. In the place of this line mention¬ 
ing Purvasadha, the Kaliyugarajavrttanta gives : Sravaiie te 
bhavisyanti kale nandasya bhupateli. This is not supported 
by any Puranic source and hence not fit to be taken as 
authority. 
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Parlksit to Nanda (or 3700 years if one cycle has gone), 
and this is supported by two readings.But Triveda suggests 
1500 years for this interval, supported by the other two 
readings. Counting backwards from Magha to Purvasadha 
(in accordance with his theory of retrograde motion) 
he should get 17 asterisms, not counting either Magha. 
or Purvasadha and at least 16, not counting both. Thus 
he should get at least 1600 years as the interval. But 
this will not suit his theory, and so he omits to count 
Sravana, and gets the 15 asterisms he wants, to give him 
the required interval of 1500 years ! (see ib., p. 12, lines 
10-11). This is proof that the author of the Puranas, 
who employed the Saptarsi Era for purposes of chrono¬ 
logy, has taken the motion only to be direct and used the 
Era; and not retrograde, for if taken as such, at least 1600 
years will be got as the interval, which is not supported 
by any reading of the text. 88 

One thing clearly emerges from this discussion, viz. 
that the motion of the Sages as given by the astronomers 

23. On page 13 of his article, Triveda gives a tabular statement 
of the chronology. There he counts Sravana, but to com¬ 
pensate for the extra 100 years that would occur, gives the 
period 3233 to 3133 B.C. for Magha and 3133 to 3076 B.C. 
for Ailesa, (this giving only 57 years for ASlesa instead of 
100) against the Puranas that give 3 176 to 3076 B.C. to 
Magha, 3076 to 2976 B.C. for the next star and so on. 
Triveda's scheme is supported by no Pura^a. 

Incidently we may mention another mistake he employs to 
achieve his purpose. He wishes to give 1724 A.D. to 1824 
A.D. for Svati (see p. 15), so that his table might agree 
with the statement of Wilford’s Pandits of Banaras who 
have told that the Sages were at Svati in 1804 A. D. So 
he includes Abhijit among the Nak§atras counted and gives 
for it the century 1024 to 1124 A.D. (see p. 14), apparently 
unaware of the fact that this trick would make the cycle 
last 2800 years instead of the usual 2700 years, and that he 
himself has not counted it in the previous cycle (see p. 13). 
If this kind of trick is resorted to one can prove anything ! 
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and the Puranas is direct and not retrograde. So VM can 
be right in saying that the Sages were in Magha in the 7th 
century Kali and in this he is supported by Aryabhata II, 
and Parasara, as well as the Srutarsis. Therefore Yudhi- 
sthira’s reign associated with the Sages at Magha can well 
be in the 7th cent. Kali, also supported as it is by a whole 
school of chronologists. As the Saka Era mentioned is to 
come 2526 years after this period, it is the !§aka of 78 
A.D. that must have been meant by VM in the sloka. 
By . Sam. XIII.3, and not the one postulated by TSN etc., 
concurring with what we have established already in the 
previous study from an astronomical point of view. 

IV. The Aihole Inscription 

Now we shall take up the Aihole Inscription and 
show that the Saka used in it is only that of 78 A.D. and 
not the other one alleged by TSN and echoed by certain 
other scholars. Discussing the age of VM in his Age of 
Sankara, Pt. I-D, pp. 224ff., TSN takes up the Aihole 
Inscription for consideration, 24 and tries to show that the 
Saka Era mentioned therein is his own §aka of 550 B.C. 
from the synchronism found in it between the §aka Era 
and the Bharata War. The portion of the inscription 
relevant to our discussion is the following: 

trimiatsu trisahasresu bharatad ahavaditahl 
saptabdasatayuktesu sa (?ga)tesvabdesu pancasu / 
pancdiatsu Kalau kale satsu panca&atdsu cal 
samasu samatltasu Sakdndm apt bhubhujdm 11 

In trying to interpret this passage, Dr. Fleet at first 
(Indian Antiquary, V (1876) 67-73) made the mistake of 
thinking that the time of the inscription is given in three 
eras, viz. Bharata War, the Kali and the Saka. Perhaps 

24. We have not had access to this section of TSN's work. 
Our authority is the long quotation in KV's Plot in Indian 
Chronology, ch. X. 185-90. 
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he was led into this mistake by the word ‘sata’ occurring 
thrice (saptabatatayuktesu, ^rtesvabdesu, and panca- 
satdsu) and the statement in the Puranas that the Kali 
epoch is different from the Bharata War. But subsequen¬ 
tly, in IA VIII (1879) 240-41, Dr. Fleet acknowledged 
his mistake and gave the correct reading by emending 
iatesu into gatesu (for, in the Kanarese-Telugu script in 
which the inscription is engraved on rock, ga, with a 
horizontal stroke across would become sa and the engra¬ 
ver might have been misled into adding the stroke here 
by the large number of sa letters occurring the context; 
or it might have been caused by weathering) and inter¬ 
preting the passage as 3735 years from the Kali epoch, 
after the Bharata War, and 556 years after §aka kings, 
i.e. 556 years in ( Sdlivahana ) Saka Era. 25 This interpre¬ 
tation is accepted by all scholars (see for instance, Kiel- 
horn, Ep. Ind., VI (1900-01) 1-12), except TSN and KV. 26 
But the emendation of satesu into gatesu is accepted by 
TSN. He also accepts the fact that only two dates are 
given, of which one is Saka Era. This necessitates the 
two expressions ‘after the Bharata War’ and ‘from the 


25. This Era is variously given as iakanam nrpapam (or bhubhujam) 
kala, 6akanrpati) (or bhupa) kala, iakendrakala, in the earlier 
centuries and as Salivahana S aka later. The origin is also attribu¬ 
ted to various causes: e.g. as named after the good rule of the 
Saka kings (Govindasvamin’s Bhasya on Mahabhaskariya), the 
destruction of the Sakas by Vikrama (Bhattotpala commenting 
on Br. Sam. VIII. 20), and after Salivahana who established 
his rule (later commentators and tradition). 

26. After siding with TSN in The Plot in Indian Chronology, ch. X, 
and speaking with some variation in JAHRS XXI (1950-52) 
52-53, K.V, has changed over to the correct interpretation in 
his note, ‘The Aihole Inscription of Pulikesin’, (JAHRS XXII 
(1952-54) 210-12, wrongly numbered 206-08) without a word of 
regret for having talked lightly and questioned the bonafides of 
the very persons to whose opinion he has now been converted. 
On p. 212, he still seems to be unaware of the fact that Dr. Fleet 
has corrected himself long ago. 
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Kali epoch’ to be taken together, as giving one date. If 
the Kali epoch is meant as important and the Bharata 
War is mentioned here simply to describe it, without any 
more trouble we get the interpretation, ‘3735 years from 
the Kali epoch’, which beautifully synchronises with the 
&alivahana &aka year 556 given, (about this number there 
is no dispute), for if we deduct from 3735 the wellknown 
converter 3179 we get 556, which itself proves that this 
must be the Salivahana $aka of 78 A.D. If, on the other 
hand, the Bharata War is taken as important, and also 
that the War was fought 36 years earlier (TSN makes it 38 
to suit his calculations) according to one sub-school 27 taken 
advantage of by TSN, then there is trouble, for the War 
took place in 3140 B.C. according to TSN. 3735 years 
from this date there is no §aka epoch to synchronise with. 
But TSN sorely wants it to synchronise with the §aka of 
550 B.C. postulated by him. He clutches at 'an error 
committed in a collection of old records published for 
literary study, the Prdcinalekhamdld, (N. S. Press, 
Bombay, Kavyamdld Series 16), thinking that it will help 
him. In the Pracinalekhamdld, saptabda&ata is printed as 
s ahdbdasata. Whether this is a misprint or an intended 
emendation, we do not know. But this much we can say, 
that the letter is certainly pia and not ha, as anyone can 
verify from the photo-print of the inscription reproduced 
in I A V (1876) op. p. 69, lb. VIII (1879) op. p. 241, Ep Ind. 
VI (1900-01) op. p. 7, etc.) and comparing the letters. 
Not only this; the word saha will be a repetition, because 
there is the word yukta giving the same meaning; also 
saha requires an instrumental to govern, which is not 
available in the verse. In spite of all this, TSN takes 
this s aha instead of sapta and gets the number 3135, of 
course, as we have pointed out, with a duplicate saha 

27. See fn. 7 supra. Note that there is still another sub-school that 
takes the war synchronous with the Kali epoch. Obviously 
according to this school also, the interpretation is what we have 
already mentioned as the correct one. 
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serving no purpose in the interpretation) and begins to 
effect the synchronisation thus (seep. 189 , Plot in Indian 
Chronology): The Aihole Inscription is 3135 years from 
the War, viz. 3140 B.C. So the date of the inscription is 
5 B.C. And then the inscription is 556 years from the 
§aka epoch (of TSN), viz. 550 B.C. 556 years from 550 
B.C. is 6 B.C. (so says TSN, for he wants it, and wish is 
father to thought). 6 B.C. is only one year off 5 B.C. 
(obtained above), which can be easily accounted for, 
and the synchronism established ; which shows that the 
§aka mentioned in the inscription is his §aka of 550 B.C. 
But TSN and KV who quotes him seem to be unaware 
of the blunder in the calculation, and that 556 years from 
550 B.C., is not 6 B.C., but 7 A.D.; and this date is 11 
years off 5 B.C., and no amount of jugglery can spirit this 
period of 11 years off and the synchronism is far from 
being established. What is more, having failed to prove 
the 550 B.C. §aka, but thinking that it has been proved, 
TSN indulges in a tirade against Orientalists and their 
ways (see p. 190, ibid.), unconscious all the while, that 
it all applies to TSN himself!: “Alas ! it is a great 
pity that these Orientalists should at first conceive a 
theory of their own, and then actively set themselves to 
work out the same by hook or by crook, by changing 
every authority to suit their own favourite hypotheses, 
and by hoisting up the fabricated text as the only true 
version, while they perfectly know all the while in their 
own heart of hearts that they have been able to achieve 
their objects only by fabricating evidence and meddling 

with the original authorities.The Orientalists simply 

beg the question, and beat about the bush in discussing 
such matters {here, explanation of the word Saka), blow¬ 
ing hot and cold at the same time, misjudging them¬ 
selves, and misleading others, and thereby keeping back 
the Truth as far away as possible from the ken of 
ordinary public,” How aptly these words apply to JSISf 
himself! 

40 
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V. The Evidence of the Jyotirvidabharana 

Even though we have stated that the evidence of the 
Jyotirvidabharana does not merit any consideration (see 
previous paper), still because it is made much of by TSN, 
'KVandVT (see for e,g., KV: JAHRS XXI (1950-52) 
28-32, Chronology of Nepal History, Vijayawada, 1953, 
pp. 14-19; VT: JIH XXVIII (1950) 107-08), we shall 
consider that too. Their contention is that the author of 
the Jyotirvidabharana is the famous Kalidasa himself as 
claimed by the work, that he with VM and several other 
great scholars lived at Vikramaditya’s court, 28 that he 
wrote the work in Kali 3068 (34 B.C.), 29 and that there¬ 
fore VM cannot belong to 427 in the §aka of 78 A.D. 
(corresponding to 505 A.D.), but only in the postulated 
Cyrus (or Andhra) Saka of 550 B.C. (corresponding to 
123 B.C.), and that thus the Cyrus (or Andhra) Saka is 
proved. But the work could not have been written before 
78 A.D., (though it says it was written in 34 B.C.), for in 
that work Salivahana is mentioned as a saka-kara 
(founder of an era), and that he founded the Saka Era 
135 years after Vikrama founded his own Saka 3044years 
after Kali ( i.e . 57 B.C.). 30 How could Kalidasa, the alleged 
author of the work, be the contemporary (however junior 
it might be) of VM (said to have lived in 123 B.C.) and 
at the same time know the starting of the Salivahana Saka 
in 78 A.D.? 

28. Cf. the verse Dhanvantari etc. Jyotir, XXII. 10. 

29. Cf. varse sindhuradarsanambaragunair (3068) yate Kalessammitej 
mdse Madhavasamjhike ca vihito granthakriyopakramah // 
XXII. 21. 

30 Cf. Jyotir. X. 110-11, giving the several Eras of the Kali Age: 
(i) Yudhisthira Era for the first 3044 years, (ii) Vikrama Era for 
the next 135 years, (iii) Saka Era for the next 18000 years, 
(iv) Vijaydbhinandana Era for the next 10,000 years, (v) Ndgar- 
juna Era for the next 400.000 ) ears, and Bali Era for the fo low¬ 
ing 821 year:?. 


57 1 HjdxrLtmlcjaL ( U*LUjtlLA- 



UNTENABILITY OF SAKA OF 550 B.C. 315 

The late date of the Jyotirvidabharana can be establi¬ 
shed also by other internal evidence in that work. Thus 
in giving the rule for the calculation of ayanamia, it is 
stated that 445 is to be deducted from the years in the 
Saka Era and the remainder divided by 60. Cf. 

Sakah sardmbhodhiyugo (445) nito hrto 

mdnam khatarkair (60) ayandmsakas syuhj (1.18a) 

This means that in44 -> Saka the ayanamsa is zero. This 
can be only the Salivahana Saka, for Indian astronomical 
works give zero ayanamsa for c. 421 Sali. Saka (Kali 
3600), (some give 444). It cannot be argued that the 
author means the postulated Cyrus Era here, because 
firstly among the six sakas given by him he does not 
mention this saka at all, and secondly nobody gives zero 
ayanamsa for this time (445 Cyrus Era would be 105 B.C.) 
not even VT, who, as we have seen, implies —3° 20' 
ayanamsa for 123 B.C. (though he takes it as the starting 
point for calculation) (see JIH XXVIII. 106) and our 
discussion on it in the previous paper). Thus, having 
seen that it is the Salivahana Saka that the author uses, 
we can say that he is later than 445 of this Saka, (523 
A.D.), for this rule Can be applied only later than 445 
Saka, no instruction being given as to what to do if the 
time taken is before 445 Saka. 

Again, the rule given in the Jyotirvidabharana for 
finding the year in the 60-year cycle of Jupiter corrobor- 

31. Cf. the rule: nagair nakhais sannihato dvidha iakafy 
sakhatriiakro 'ksayamaiigabha jitahj 
gataptatallabdha&ako 'bhra§adhfto- 
’vaie§ake syuh prabhavadivatsarah// (I. 15) 

It means: 'Do the operation, {(7x+20.x:/60 4-1430)-^625-fx}-r60, 
where x is the Saka year gone. Get the remainder. Count years 
from Prabhava equal to the remainder and the prabhavadi~yeat 
is got.’ 
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ates this. 31 If it is applied to the current year, 1881 !§aka 
(1959-60), we get the year Virodhikrt, which we also get 
if we work it out according to the methods in the Sid- 
dhantas. If the year reckoned in the Cyrus Era or if the 
Vikrama Era is used in the rule, there is disagreement. 
So it is the Salivahana §aka that is required to be used 
in this rule and not the Cyrus §aka nor the Vikrama Saka 
which reigned in his time (for he says he is a contempo¬ 
rary of Vikrama). Thus, again, the conclusion that the 
author is later than the starting of the Salivahana Saka 
follows, and his use of that saka. 

In answer to these objections KV seems to have 
argued that Kalidasa could actually have lived earlier than 
the Salivahana §aka epoch and have mentioned that 
epoch as a future historical event on the basis of the 
Sastras 33 (evidently meaning the Bhavhya Purdna etc.). 
But then how did the sastras know ? Does KV want us 
to believe that they actually predicted future events ? 
Clearly the sastras themselves should have been written 
after the Salivahana §aka epoch, and the Jyotirvidabha- 
rana should be later still. And the jumbling of people 
of various ages already alluded to! We are asked to take 
this bundle of lies as sober history ! 

In the same manner other romances, like the Kathd- 
saritsdgara, Bhojaprabandha, Vikramdrkacaritaetc., (there 
is no dearth of them) based on popular stories should be 
dismissed wherever they contradict what may be judged 
as solid evidence, for we do not know who their authors 
were, nor what equipment they had for giving historical 
facts. 


32. This kind of work we have already done, when dealing with 
Prof. Gulshan Rai. (See previous paper). 

33. Vide his letter to Kottah Bhavaiah Chowdary referred to in 
JAHRS XXII. 55. 
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VI. Conclusion 

Thus in all places where the word gaka is used for 
the name of an era, it is the $aka of IS A.D. (what latterly 
came to be called Salivdhana $aka) that is meant. Further, 
there is no evidence to show that an era was started in 
550 or 551 B.C. in Persia or in India as postulated by 
TSN and accepted by KV, which he calls the Cyrus Era, 
or as postulated by VT, which he calls the Andhra Era. 
It may be that Cyrus founded the Persian Empire in 
550 B.C., but what evidence is there to show that he 
started an era then ? No such era was in use in Persia 
itself, not to speak of India. Many great events happen 
in the reigns of great kings. But they are not necessarily 
the starting points of eras. (VT does not even mention a 
great event in 550-51 B.C. for the starting of his Andhra 
Era). Now, these people have taken all this trouble in 
order to prove the antiquity of the Indian dynasties and, 
in so doing, to reconcile texts of varied historical worth. 
Let them by all means attempt it,for it is only too true that 
unconscious prejudice has had some hand in the writing of 
the history of our land. But what we wish to show here 
is that their stand on the interpretation of the term Saka 
Era, with all its ramifications, is wrong, and will not help 
them, as also the various other ideas of theirs which we 
have shown to be wrong. Also we wish to point out that 
attributing base motives and questioning the bona fides 
of people (the writings of TSN and KV are replete with 
these) will not only not help, but may also be “paid back 
with interest”, as Dr. P. V. Kane says. 
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DETERMINATION OF THE DATE OF THE 
MAHABHARATA: THE POSSIBILITY THEREOF® 


Hindus generally believe that the story of the 
Mahabharata (MBh.) 1 is a narrative of events that actually 
happened, and that they all took place near the end of 
the Dvaparayuga and the beginning of the Kaliyuga. 
Some hold that the War ended with the yuga and many, 
supported by the Puranas, say that Krsna passed away at 
the end of the yuga and so the War took place a few years 
earlier. About the question of the time when the 
Dvapara ended, there is difference of opinion. The 
popular view is that Dvapara ended and Kali began at 
the time fixed for it by the astronomical siddhantas, 
3179 years before the Saka era of 78 A.D., which 
corresponds to Friday, 18th February, 3102 B.C., sunrise, 
or the previous midnight according to some schools. 2 
We do not know the exact grounds on which the 
siddhantins fixed the date as 3179 years before the $aka 
era of 78 A.D. Most probably, the first siddhantins, 
like the author of the ‘Old’ Suryasiddhanta and Aryabhata, 
fixed the point of time as a convenient epoch, when the 
mean planets, according to them, coincided with the 
zero-point of the zodiac, and the later astronomers 
accepted it, and adjusted their own planetary cycles to 
agree with the epoch exactly, or nearly there, finding the 
difference to be small. 


* Reprinted from Vishveshvarcmand Indological Journal, Vol. 
XIV (1976) pp. 48-56. 

1. The references to MBh. given below are to its edition issued 
by Gopal Narayan and Co., Bombay, gaka 1823, 

2. Aryabhafa does not give the exact time but merely states 
that 3600 years of Kali had ended when he was twenty- 
three years of age. But the followers of his school concur 
with the general astronomical tradition noticed above, 
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But there are other dates fixed for the end of 
Dvapara by people like Varahamihira, on the authority 
of the astronomical Samhitds and tradition current in 
their times. Varahamihira fixes the date as c. 2449 B C,, 
which can be known from his statement in his 
Brhcitsamhitd that the Saptarsis stood at Magha when 
Yudhisthira was ruling and that the year in his era can 
be got by adding 2526 to the years of the Saka era. The 
authority for this is Vrddha-Garga’s statement: 

Kalhana, in his Rajataranginl, giving the chronology of 
the Kashmir kings in the Saptarsi or Laukika era current 
in Kashmir and the Himalayan regions, accepts 
Varahamihira’s view in toto, saying that people who fixed 
other dates were misguided : 

The Jain tradition, giving 2634 B.C. for the Yudhis¬ 
thira era is only a variation of Varahamihira’s view. The 
Saptarsicdra of Parasara and the Aryasiddhanta of 
Aryabhata II, giving Magha for the sages in the seventh 
century of astronomical Kali, and the Matsyapurdna, 
giving Krttika for the beginning of Kali, support 
Varahamihira. 

But many think that both c. 3100 B.C. and c. 2450 or 
c. 2600 B.C. for the Bharata events are periods too early, 
considering the state of society and the political conditions 
depicted in the MBh. They try to fix the Kaliyuga epoch 
coupled with Yudhisthira’s rule, by reckoning backwards 
from the time of the Nanda dynasty, which historians 
have fixed at c. 400 B.C. onwards. The Visnupurdna and 
the Bhdgavata state : 

(or I) 

g m II 
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Variants: (l) ?an <T2f ^STtrrrn (1510), (2) siw 
(1015), (3)^<7^5icflTT^ (1500). 

The above would mean that between Parlk§it’s 
(grandson of the Pandavas) birth and Nanda’s coronation, 
the interval is 1053 years ( variants : 1510, 1015, 1500). 
From this, they fix Pariksit’s time as c. 1500 B.C. (or 
2000 B.C.) and thence the time of the Bharata story. 

Besides these four main periods, several other 
periods are fixed based on various hypotheses, some 
plausible, some grotesque. For e.g., some scholars take 
the yuga measure of 12000 years as human years instead 
of divine, and fix a date accordingly. One interprets the 
word samd and varsa used in the Puranas as half-years 
and brings down the story to c. 1200 B.C. But few 
scholars make any clear distinction between the period 
of the ‘events’ and the period when they were written 
down in the form of the epic Mahdbharata, while the 
orthodox traditional belief is that Vyasa, grandfather of 
the Pandavas and Kauravas, wrote the work, and his 
pupil Vaisampayana narrated it to King Janamejaya, 
grandson of the Pandavas, 

Determining the period thus, each in his own way, 
these scholars try to fix the year and exact date of the 
war from the calendrical details and various astronomical 
phenomena mentioned in the context of the War, like 
certain planetary combinations, occurrences of eclipses 
etc. This is not an easy matter, because there is a lot of 
contradiction between various sets of planetary combina¬ 
tions themselves and among the other phenomena 
mentioned. Some of these passages may be set out here : 

1. fasnilsriqr IfStfasMSTtl || 

(MBh., Bhi§ma, 3. 27) 

2. smsgsra; qraiw: i 

WWffi || {Bhi$ma, 3. 18) 
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3. TOtgvissft stferefa qitN^ I 

TO TTHf^roTT 3^Ic^ (fts) iJ33tTR II (Sfalya, 1U7) 

4. sfrs<r^ 35 Rrctelr | 

SfR: g effcT; II (Bhi ? ma, 3. 15) 

Another gives: 

5. flfloff ST35 ^RfT&Wt' fTO<T^ II 

(Karpa, 100. 17) 

6. Rtrrc^rc^ 55R: sraSt sar l 

*Hr frersrorsR** ^tg^or || (Bhi?ma, 3. 14) 

7. msfr^ fl srf^^oR n§rrf %: 1 

srcsarcs qte*tRr mRT^tsRisRH; n 

'sriiR^l ^stqf 1 

nifad- ^ *r*uwRm 11 ( udyoga , 143 . 8 - 9 ) 

In the first set cited above (i.e., 1-4), we are told 
that Jupiter and Saturn are near the asterism Visakha. 
Mars is near Uttarasadha, Abhijit ( Brahmaraii ) and 
Sravana. In the second set, (5-7), Jupiter is said to be 
near Rohini. Mars is retrograde in Magha. Jupiter is 
in Sravana. (This contradicts two other statements.) 
Saturn is said to be in Purvaphalgunl. Saturn afflicts (?) 
Rohini. Mars is retrograde in Jyestha and is about to go 
to Anuradha. To add to the confusion, many people 
interpret the comets of different colours mentioned in 
Bhismaparva, chapter 3, as planets and, that too, each 
one differently. 

Among the contradictory phenomena we can give 
the eclipses mentioned; 

8. l ( Bhisma , 3 . 33 ) 

Here a lunar eclipse, and next a solar eclipse are 
mentioned as having occurred before the war. Then, at 
the time of Duryodhana’s death the statement occurs : 

^rgrsRt^tf^j stqgfor Rnoi<?% I (s' alya, 27. 10) 

41 
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mentioning another solar eclipse so near, when a lunar 
eclipse had occurred before the first solar eclipse. 

Again, several impossible and some very rare 
phenomena, mentioned merely to indicate that these 
phenomena presage evil, are taken by many as having 
actually occurred, adding to the difficulty: 

9. ^^trTtmr^T^r ?tr 

rifon 3*: 11 8 11 

sn<% I street 3% sperr snst^m: 11 9 n 
sreeit ar^tir ff 1 

3T%u(?ft SJStT^T^fire^ct: li 28 II 

3 emrai^n wfatftaui 32 n 

{Mausala, Ch. 2) 

«n>rar fs (wntff) tratafri 11 

( Bhisma, 3. 3) 

wpi ^tf'a rt|r^gqfer ^t ii (udyoga , 143. li) 
wnr.gsftswjf^srra fcR^ II {Karna, 94. 51) 

SW?TT fta: ^ | 

II {Bhisma, 2. 2) 

TSJftft ^33? 3 Ttesflg I 
g rrtfitsn^st wirareif ll {Bhisma 3 .32) 

*TgararfF%* stT^for Britt?!' ii {tiaiya, 27.10) 

fog *«% TOws&g Brob?t 1 

Star: ?TTcI^?[ft^ 3TTT^STTgTrfl^ll {Bhisma, 3.31) 

Scholars trying to establish their conclusions 
interpret these verses differently, some neglecting one set 
and some another, some giving acceptable meanings and 
some far-fetched and extremely strained ones. A few 
examples will show to what extent these people go. 8 

3. See K. L. Daftari, The astronomical method and its applica¬ 
tion to the chronology of ancient India, Nagpur University, 
1941. See Lecture II. ‘The date of the Mahabhflrata war’! 
pp. 13-129, 


^MjfLo4xruJjcjaJL 




fc>ATB OF THE MAHABHARATA 32 $ 

Passage 2, cited above, is interpreted thus: The 
planet Mars moved retrograde again and again, towards 
the constellation Sravana, and occupied the constellation 
of Brahma, i.e., Jupiter. 1 The interpreter is unaware 
that BrahmaraSi must mean ‘the group presided over by 
Brahma’, viz., Abhijit. He is unaware that anuvakra is 
a technical term used in astronomy and not 'again and 
again’. Passage 3 is interpreted thus : 'The planets Mars, 
Venus and Mercury were in front or to the east of the 
eldest of the sons of Pandu who were the masters of the 
whole land. 4 5 To the interpreter, caramam Pdnduputrdnam 
means Yudhisthira, being the last counted from the last 
of the sons of Pandu, while it means, simply, ‘behind 
the sons of Pandu and in front of the Kuru kings’. Line 9 
of passage 9 is interpreted : The planet Mercury arose 
concealed, (invisibly). 6 The meaning ‘invisibly’ is given 
to tiras, not realising that anc with liras means, only 
'across or obliquely’. Passage 5 is interpreted : ‘Jupiter, 
having made Rohini to conceal herself {i.e., set), became 
like the sun or moon’. 7 The passage means only that, 
Jupiter by his lustre hid Rohini. Passage 6 is interpreted: 
Mars is retrograde in Magha, and Jupiter in Sravana. 
Saturn is afflicting Purvaphalguni. 8 9 In the next verse 
(not quoted here) there is the word sahita which this 
interpreter takes to mean ‘waiting’, and cites as an 
example the Raghuvamsa verse, dvitrany ahdny arhasi 
sodhum arhan. In 9, line 8 is said to mean: ‘The lunar 
eciipse has already happened (in Karttika Purnima) and 
a solar eclipse is going to happen in the next Amavasya’. 8 
Actually, the first part means that the dark patch on the 

4. Op. cit., p. 27-28, art. 68. 

5. Op. cit., p. 28, art. 70. 

6. Op. cit., p. 29, art. 72, 74. 

7. Op. cit., p. 30, art. 76. 

8 . Op. cit., p. 31, art. 78. 

9. Op, cit., p. 32, art. 81. 
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moon 10 is inverted ( yydVfttam, not nivpttam). In line 16 
of passage 9, grdhra is interpreted as “an evil planet”, 
instead of ‘eagle’ which itself indicates an evil omen. 


Thus, different years are fixed by different persons as 
follows: 


N. Jagannatha Rao 
T.S. Narayana Sastri 
K.V. Abhayankar 
C.V. Vaidya 
P.C. Sengupta 
Karandikar 
P.V. Kane 
S.B. Dikshit 
K.G. Sankara Aiyar 
K.L. Daftari 
V. Gopala Aiyar 


3139 B.C. 
c. 3126 B.C. 
c. 3101 B.C. 
Do. 

2449 B.C. 
1931 B.C. 
c. 1900 B.C. 
c. 1500 B.C. 
1198 B.C. 
1191 B.C. 
1194 B.C. 


Within the year, the dates are fixed for the different 
occurrences by the day’s naksatra or tit hi, and the interval 
in days between one occurrence and another, given. 
Here, too, there are discrepancies and misinterpretations, 
leading to different dates. Though many have concluded 
that the war began on Karttika New Moon day, some 
say that it began on Margasirsa Sukla EkadaSi day. The 
day of Bhisma’s death is stated at places as Magha £ukla 
Astami, while at others as Ekadasi. Cf .: 

wife flmnfr i 

5KT%.II (Udyoga , SO. 7) 

.II 

10. For the meaning of laksma as ‘dark patch on the moon' 
cf. Kalidfisa, malinam api himathioh * laksma’ laksmirh tanot 
(Abhijnana Stakuntala, I, 20). 
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SCcW^TTSfa aWSIISTT I 

STOTJTt ^WcTT cWT Hrmf: ^IBR^CRn^ || 

( Udyoga, 143. 18) 

TOnf5fi0TO?q«I t ^ I I 

SWSWratsfclT ST^fit garner: l| (gctlya, 5. 6) 

* q^r> n?j qtrereftfqcrr: I 

TT^%qT: 5«^wr gffST HUT II {tialya, 35. 10) 

^sfiT^f st^ntr qrafrenq *%: i. 

ffjjr VsRaa^rfcTr q^r jrit f^qrarc: i 

^nrts^if cf?i snorraiQK?: ^jfWfaq 11 ( Bhisma , 20 . 51 - 53 ) 

HSI ^ $ilglCTRt | 

site faqHrq*qfciV Hraite* *rff: 3^11 gsntt, 1 . 2 ) 
3Uf€ fl*Tqcq% ST ff SStelH || {lb., 46. 29) 

fjTfrTm^ fqq% Srft % I 

snnSfcRfiwiR:. 11 (*..47.3) 

q^TSici qs tt §^qqta sjq f?qHT era sftfqerra 11 

(*., 51. 10) 

sfarai srast: sfirai^ qssri^sraTte^ II 

{AttudSsana, 167. 5) 
stsjqsraisra sisq: sgqRsqiei ft nar. i 
5E&3 fTtfsieTTSftg q«U qqStH rTCI II 

HiHtsq ea^am: rrrsissftiqV gfftfgs i 
fqflmftq: q$ftte gqsft flfqejqtfer 11 

{Anu&asana. 107. 5) 

But most of the scholars do not seem to have gone 
to the heart of the matter, placing before themselves 
clearly the two things that have got to be investigated, 
viz .: (1) How much of the Bharata story is true history, 
and when could it have happened. (2) When was it 
actually written down. Scholars who have studied the 
problem critically are of opinion that there is a historical 
core in the story, but much fictitious matter has been 
added to it in course of time. The Bharata war must be 
true history, and the personages taking part in it, 
together with the line of the Bharatas and Yadus, whos^ 
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names occur frequently in Vedic literature, even as early 
as the Rgveda, not to speak of the Brahmanas like the 
Satapatha. The state of society and the political 
conditions point to a time earlier than the Chandogya, 
one of the earliest of the upanisads, as can be seen from 
two statements in the work : 

''sror* wvnisnlforcr 

smur:, sRttgi qsnsrct ifai” 
sifiifafjMro i— 

The latter of the above statements shows that, at the 
time of the Upanisad, the Kuru and the Pancala country 
had coalesced, while at the time of the Bharata war they 
were different, the Paficalas being the allies of the 
Pandavas. It is quite natural for stories to gather 
accretions when they are repeated generation after 
generation. Most of the superhuman and obviously 
exaggerated portions must have been added later. The 
core is generally placed between the eleventh and the 
nineth centuries B.C. Other story matter could have 
been added during a few subsequent centuries, when 
Kysna came to be deified. The lot of Dharmasastra 
matter with the illustrative stories must have been added 
last, in the course of several generations. Anyhow, by 
the first or second century B.C. or A.D., the Mahdbharata 
must have arrived at its present form, with a few bits of 
interpolations here and there, made later. 

As for its writing, the language is that of the early 
classical period, for it is clearly later than that of the 
genuine upanisads. The addition of the later matter and 
the development of the classical language must have, 
naturally enough, gone on together. By the first or 
second century A.D. most of the whole Mahdbharata 
must have attained the present form. 

It is natural for story writers to incorporate into 
their stories ideas current in their own time. A lot of 
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the astronomical facts found in the work, especially in 
the context of the war, must have been cooked up by 
these later writers in the light of their own knowledge, 
and added by different people at different times. That 
explains the contradictions. It must be clearly noted 
that the astrological ideas mentioned in the Samhitas 
which developed from the 2nd century B.G. could not 
have been current as early as the 11th to 9th century B.G. 
and, even if current, are not likely to be remembered 
after so many generations. By the first century A.D. or 
B.C., the astronomical Samhitas had mostly been written, 
and naturally the ideas in them find a place in the work. 
The Calendric system of the Vedanga Jyotisa continued 
to be current in this Samhita period, as can be seen from 
the Garga Samhita , and ideas showing iSravisthaas being 
the first star (beginning the winter solstice) are in 
evidence, together with its shifting to Sravana, ( c . third 
century B.C.) as can be gathered from the ViSvamitra 
episode. The MBh. in its Virdtaparva ch. 52 contains 
the Vedanga calendric system. 

Again, in the context of the war, it is natural for 
writers, especially of epics, to describe portents as 
happening to presage evil. The Samhitas devote chapters 
to describe these portents. The Ketucara, on the 
appearance of comets, is full of portents, as also separate 
chapters devoted to portents . like rare or unnatural, 
impossible or terrible phenomena. These have been 
included in the work. 11 But most investigators have not 
interpreted these portions properly, for which a detailed 
study of the chapters on Ketucara and Utpdtas in the 
Bf hat samhita of Varahamihira would be advantageous. 
For example, the mention of the new moon together with 
solar eclipse occurring on TrayodaSi, the sun and the 
moon being eclipsed on the same day (the same month), 

II. See, e.g., Udyoga, 143; Bhisma, 2, 3; Karp a, 94, 100; Kalya, 

11, 27; Mausala, 2. 


57 1 HjdxrLtmlcjaL 



B28 


COLLECTED PAPERS 


and that on TrayodaSi, Mercury moving across the sky, 
( i.e ., north-south), the dark patch on the moon being 
inverted, the lunar eclipse at Karttika. full moon, the 
solar eclipse at Karttika new moon, and again the solar 
eclipse at the time of the mace-fight, are all intended by 
the writer to be impossible things occurring. The 
mention of the red moon indistinguishable from the red 
sky ( digdaha ), eagles falling on the flag, appearances of 
comets of different colours and in groups are all portents. 
Ignorance of the fact that the ‘grahas’ of different colours 
mentioned in Bhismaparva, chapter 3, are not planets 
but comets, has added to the confusion, because these 
scholars do not realise that, in the Samhitas, the word 
‘ graha ’ means primarily comets, (vide the chapter on 
Ketucara in the Brhatsamhita). 

It would be clear from the above, that all the skill 
shown in distorting the meanings of words and trying to 
show when these impossible or rare phenomena and 
contradictory planetary combinations would actually 
occur, has been wasted. Excepting the time of the year 
when the war might have happened, there is nothing in 
the Mahabharata to fix the year definitely. We do not 
have adequate data to fix either the happenings or when 
the work, even part by part, was written. 
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A BRIEF HISTORY OF TAMIL ASTRONOMY* 

I. Prefatory 

By Tamil astronomy, I mean astronomy written by a 
Tamilian, whether the language is Tamil or Sanskrit. 
But, as far as I know, few outstanding works on 
astronomy have been written in Tamil Nadu, unlike in 
Kerala, where there has been a succession of scholars 
writing original astronomical works or commentaries, 
making their own extensive contributions. Two Tamil 
works on Mundane and Electional Astrology, Cuddmani 
Ullamudaiyan (13th century), and Vimesvara Ullamudaiydn 
(17th century), contain small portions of astronomical 
computation of the planets, taken chiefly from the 
Parahita system of Haridatta of Kerala, as it is, or with 
the Sakabda or Parahita Bija corrections carried out. 
Excluding two Sanskrit commentaries, one of which is 
by SOryadeva-yajvan, only one work, called the Vakya - 
karana (c. 1300), is wholely devoted to astronomy, and 
somewhat co-extensive with its content. Its source is 
mentioned to be the Bhdskariya as studied in Kerala, 
with the Parahita correction, and with Haridatta’s 
Parahita method used. There is no original material in 
it. But being a karana or manual, it has invented devices 
for ease of computation, especially by almanac-makers. 
It is in these devices that it is original, in so much as 
perpetually repeating planetary tables are given, with 
mnemonic phrases (vdkyas), being used for numbers. It 
is in Sanskrit. All later almanac-makers and computers 
of the Tamil country use this or Tamil adaptations of 
this. 

About 1800 AD, first Le Gentil, and then Warren, 
in order to learn how the Tamils computed, asked some 

* Reprint from Madras University Journal, See C4J(2) 12Q-133, 
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natives of Pondicherry to demonstrate to them. The 
methods and constants were almost exactly those of the 
Vakyakarana. Le Gentil and Warren 1 reported the 
demonstration in their works, not knowing the source. 
Two periods, 248 days and 3,031 days, occur in the 
moon’s tables. Any table-maker must get these as full 
days closely approximating to 9 and 110 anomalistic 
revolutions of the moon, on which the values must 
depend. But not considering this point, and since these 
periods occur in the Vdsistha Siddhanta of the Paiica- 
Siddhantika, exhibiting Babylonian connections, Assyrio- 
logists and Indologists like Neugebauer began to declare 
a Babylonian derivation for the method, a mere surmise. 
Neugebauer published a paper examining the methods 
of the Pondicherry informant of Warren. The paper 
exhibits ignorance of the fact that the source for the 
informant was Vakyakarana, since it was unknown to 
scholars at that time, not having been printed yet, and 
that this work itself is based on the works of Bhaskara I 
and Haridatta. Seeing Neugebauer’s paper recently, 
I wrote to him explaining the position and incidentally 
clarifying certain difficulties expressed by him. But I 
thought I must write a history of Tamil astronomy, 
however meagre or insignificant it may be to lay the 
Babylonian ghost to rest. This short paper is the result. 
I consider this only as a beginning, so that others may 
follow up and make their own contributions. 

II. Introduction 

By the word Jyotisa, Hindus mean both astronomy 
and astrology combined. It is in three divisions, 

(1) Siddhanta-skandha: This consists of two parts, 
Ganita, giving the pos tions of heavenly bodies, and 
Gola , dealing with general astronomy like cosmogony. 

(2) Samhita-skandha : This too consists of two parts. In 

1. John Warren, Kala Sankalita, Madras, 1825; Le Gentil, 
Memoirs sur J’India, Parjs, 1776, 
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One, called Mundane Astrology, predictions for the 
whole world or regions of the world are made, based on 
planetary positions. Several other things considered 
useful to man, like knowledge of omens and indications 
of weather, are also given. In the other part called 
Electional Astrology auspicious moments for religious 
rites and ceremonies and journeys are given, together 
with rules for compatibility in marriage etc. (3) Hora- 
skandha gives life predictions for individuals, based on 
the planetary positions at conception or birth or the 
moment when the astrologer is approached and requested 
to make the predictions. The origin of the first two 
divisions can be traced to the Vedas and Vedic times. 
The last is declared by scholars to be foreign in origin-, 
as can be inferred from the large number of Greek and 
Babylonian words used, and the period it appeared in 
India, namely the first or second century A.D. 

From words like Naksatradaria and Ganaka 
occurring in the Yajurveda, and a Naksatra-vidyd being 
mentioned in the Cluindogya-upanisad, and the fact that 
a knowledge of the positions of the sun and the moon is 
required for fixing various Vedic rites and rituals, we 
can infer that the Siddhanta division must have originated 
very early. The Vedanga-Jyotisa, by one Lagadha, 
whose content points to the 12th century B.C. though 
re-written later, is the earliest astronomical work extent. 
The Samhita and the Hora Skandhas require planetary 
positions as a pre-requisite for prediction. So, by the 
period of the Samhitds which are earlier and flourished 
in the first few centuries B.C., astronomy proper must 
have been tolerably well developed. Varahamihira (first 
part of the 6th century A.D.) has condensed five 
Siddhantas current during his time or earlier, in his 
Pancasiddhaniika. Of these the Paitdmaha is the system 
of the Vedanga-Jyotisa itself. The Vasistha and the 
Paulisa show clear connections with the Babyloniah 
astronomy of the Seleucid period, and the Romaka with 
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that of Alexandria. The Saura is indigenous, and a 
model of the Hindu Siddhantic astronomy. Being 
necessary to fix the times of the hundreds of Hindu 
religious rituals and the numerous fasts, feasts and 
festivals, as also for the use of the horary astrologers, 
scores of Siddhdntas and Karanas or manuals were written 
by astronomers like Aryabhata, Varaha and Brahma¬ 
gupta, together, with commentaries or expansions of 
these, which are themselves astronomical works. Together 
with the Sanskrit cultural migration to South India 
beginning with the last centuries B.C., astronomy too 
spread to the South. 

As far as astronomical works are concerned, it seems 
that the Kerala country was the seat of its development 
in the South. It is all based on the Aryabhatiya, with or 
without corrections called bijas, though several later 
astronomers like Paramesvara, Nllakantha etc., made 
their own original contributions. How Aryabhata came 
to be connected with the Kerala country is yet to be 
explained. He is called ASmaka (i.e., one born in the 
ASmaka region) and some say that an.early name of the 
erstwhile princely state of Travancore was Asmaka (Apte’s 
Dictionary). But many say that the region near the 
Vindhyas was called the ASmaka country (i.e., the region 
of the Asmaka people), and Aryabhata was a native of 
this country. Bhaskara I, (c. A.D. 600), who was an 
exponent of his school, seems to have belonged to the 
Valabhi region in Gujarat. The Aryabhata school must 
have migrated to Kerala from this region, through some 
Keralite who had learnt astronomy at Valabhi or some 
Valabhi astronomer settling in Kerala. Anyhow, before 
the end of the 7th century the first well-known astronomer 
of Kerala, Haridatta, had appeared. He has written two 
works, Mahdmarganibandhana, and Grahacaraniband- 
hana. The former must be a full treatise, but manuscripts 
of this are yet to be found. But the latter is well known 
9 $ the Parahitaganitam. It gives an easy method for 
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Computers to use. Tables are given for each planet to 
find the equation of the centre and the equation of 
conjunction, at intervals of 3|° of the respective 
anomalies. Haridatta uses the Aryabhafiya constants in 
this without any corrections, but it is he that is credited 
with the corrections on the Aryabhatlya, called the 
Vagbhdva or Sakabada, or the Parahita corrections. It is 
said that he promulgated his Parahita system of computa¬ 
tion together with his corrections in 683 A.D. at 
Tirunavay, to the astronomers who had assembled there 
for the “Mamankam” festival occurring once in twelve 
years . 2 

From Kerala the Parahita system and the Aryabhatan 
school of astronomy spread to the Tamil part, and the 
Tamil astrologers have been using the Parahita when they 
desired to compute the sun, moon and planets for 
predictions. 


II. Tamil Astronomy 

The first astronomer of the Tamil country, known to 
us at present, was Suryadevayajvan. He has written 
many fine commentaries in astronomy and astrology in 
Sanskrit, but has not produced any independent work.® 
In these he says he was born in Garigapura in the Cola 
country, which can be identified with Gangaikonda- 
cholapuram (N. Lat 11° 13', E. Long 79° 30'), about 
40 miles north of Tanjore. He gives its equinoctial 
shadow to be 2.4 angulas, which corresponds to N. Lat 
ll° 17', and its distance, east of Kharanagara to be 11 
yojanas, which is 1 . 2 ° according to the Aryabhata 
measure. Kharanagara is said to be on the Ujjain 


2. See Grahacaranibandhana , Edited by K. V. Sarma, K. S. 
Research Institute, Madras, 1954, Intro, p. vii. 

3. See Aryabha\iya of Aryabhata with the commentary of 
Suryadevayajvan, ed. by K. V. Sarma, Indian National Scienct 
Academy, New Delhi, 1961, Introduction, pp. xxv-x:qc, 
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meridian, as given by Bhaskara I in Mahdbhdskariyd, 
ch. II. So, the east longitude comes to about IT, but 
actually it is 70° 39'. Either the eleven yojanas given is a 
scribal error, or Suryadevayajvan’s calculation of the 
number of yojanas is different. He says he was born in 
1113 Saka (1191 A.D .), and learnt astronomy from his 
maternal uncle Suryadeva, whose protege he was. He 
was a devotee of Krishna, whose grace he invokes 
throughout. The following are his works : (1) The 
Aryabhatlya-Bhasya, (2) Laghumdnasa-vydkhyd, a com¬ 
mentary on Munjala’s Laghumdnasa, (3) Jatakapaddhati- 
vydkhyd, a commentary on the astrological work, 
Jatakapaddhati, of Sripati, (4) Govindasvdmibhdsya 
vydkhya, a supercommentary on the Govindasvdmibhdsya 
on the Mahabhdskariya, (5) A commentary on the 
Yogaydtra of Varahamihira, (6) Khandakhddyaka-vydkhyd 
on the Khandakhadyaka of Brahmagupta. The last three 
works are now known only from reference. 

Astronomy proper (next) appears in the Tamil region 
as a small part of a mainly astrological work dealing with 
mundane and electional astrology, by name Cuddmani 
Ullamudaiydn, 4 the name appearing in verse 7. The name 
and time of the author is found in the last verse : eSemi,iSiu 

ea>lT($>G)fBi!ri—irii$:ipQpir(Trj jg/r/briS diuSds euetTLDLfStj uireisn—u>iBss>& wrQpesf) 
luifliuenssiQfiLj JJemsQ-sirtf. ioi_a/infsiriceuftanff,® i ©0«(D«/ril£$L ibiIlSJ ii|etni 
Lfsd aesflp jgr, < Seu iLjeiBir^^airief^e^^s Q&<k'GCirti> 

The name of the author is Tirukkottinambi son of 
‘Mamuniari’, he lived in Pandamangalam, near Uraiyur 
in Tiruccirappalli. The period mentioned is after 1100 
Saka. But the Khanda for the moon giving c. 1107 f§aka, 

4. Reprinted in 1872 in Kalvikkadal Press as edited by Kandi- 
yanna-j Misa-Sarvabhaumar, after an earlier edition by 
Jodidam Subraya Mudaliar, together with its old crmmentary. 
Re-edited by Gunalinga DeSikar in 1935, and printed at 
Vidya Ratnakaram Press, Madras, carelessly omitting many 
verses. 
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and the Parahita Khanda of all planets c. 1167 §aka shows 
that the work must be later than 1245 A.D. (From this it 
can be inferred that the author was a junior contemporary 
of Stiryadevayajvan). It says that the source of all its 
content is from a Sanskrit text, and its computation of 
eclipses is according to a Sanskrit work called Jayan- 
tamdla, of which manuscripts are yet to be discorered. 

The meagre astronomical matter of Caddmani 
Ullamudaiyan consists of: (1) Days from Kali epoch 
using the Saha year reckoned in Solar years. The 
multiplier and divisior to get this gives36i-15 29 29 days 
which is less by about 2 vinadis compared with the value 
given by all Hindu Siddhantas. Perhaps the multiplier 
given by—“ OeOir ear /Dear gir pe&fm (verse38l) is 

“. GsnQetiirebrpasr . ”, The sun’s motion in rdiis 

are to be found by using monthly periods, and the 
motion within the month, by the true motion per day 
given roughly for each month. (2) The sixty year cycle 
and the division of each into three parts are given. (3) A 
method to find the true moon using the two anomolistic 
cycles of 3031 and 248 days, together with the so-called 
Vararuci-vdkyas giving the true anomaly for each day of 
the 248 days period, is given. No correction is given for 
the error in the two periods, with the result that the 
error will accumulate in course of time. (4) Haridatta’s 
Parahita method is given to compute all bodies, i.e., the 
sun, moon, and star planets. There is a very small 
difference in the constants, from those used by Haridatta, 
but the ‘Parahita correction used by later computers, is 
not used. (5) As mentioned already, there is a section 
devoted to eclipses, taken from an earlier Sanskrit work, 
Jayantamdla. It is seen from the method for Days from 
Kali, given in this work, that the solar sidereal year, 
with the dates of the solar month, had already come to 
be used in the Tamil country for calenderical purposes. 
It is more advantageous than the luni-solar calendar, 
used everywhere in earlier times, and still used in all 
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parts of India except Kerala. Tamil nadu, Bengal and 
Orissa. Its ease to get the Kali-days is obvious as against 
the complicated luni-solar method of using the tithi and 
lunar month. When did it come to be used ? Haridatta 
in his Parahita-ganita uses only the luni-solar method, as 
also earlier people like Bhaskara I. With the solar year 
is associated reckoning the Saka years and the 60 year 
cycle years, which are Jovian, in solar years. The cycle 
years have fallen back by now in the south by 12 years. 
From this we can reckon that the practice has originated 
with the Kollam era of 825 AD, which is a landmark in 
Kerala astronomical history. Perhaps the astronomers 
used it first, for its obvious advantages, and the laymen 
and civil administration fell in line. The origin of its use 
in inscriptions will be revealing. 

The next work coming to view is the Vdkyakaranam 
or Vdkyapancadhydyi, by Sundararaja. * 

This is the one work that can really be called astro¬ 
nomical, though it is only a manual, using rough methods 
for ease of computation. It is in Sanskrit. It states that 
it follows the Bhaskariya of Bhaskara I mentioned above, 
and the Parahita-ganita of Haridatta for its methods and 
constants, but we can see that the Parahita corrections 
have also been used. 6 From the subtractive days given 
for commencing computation it can be inferred that its 
date is near the end of the 13th century A.D. The author 
Sundararaja must have hailed from the region of Kanchl- 
puram in Tamil Nadu, as can be inferred from his 
invoking the grace of Varadaraja of Kanchi in the first 
verse, and using words and phrases reminiscent of 
Kanchi and the Cholas, as mnemonics of tabular values. 

5. This has been critically editied for the first time by T. S. 
Kuppanna Sastry and K. V, Sarma with a Sanskrit commen¬ 
tary by Sundararaja, K. S. Research Institute, Madras, 1962. 

#. See Introduction to Vdkyakaranam above, 
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This is the basis for the so-called Vdkya almanacs 
extensively used in Tamilnadu. It can be seen that the 
informants of Warren and Le Gentil, c. 1800, at Pondi¬ 
cherry, were using the methods and constants of this 
work for computational demonstration. 

Since the true longitudes of bodies repeat in periods, 
short or long, as the case may be, the actual values of 
convenient segments of the periods are computed and 
given by groups of words or vdkyas being used for num¬ 
bers. Since the sun’s apogee has no motion according to 
Aryabhata’s system, the sun’s true positions repeat in the 
year, and are easily computed. Since there are 9 
anomolistic revolutions of the moon in 248 days, with an 
error of only 8', true anomalies for each day has been 
given as sufficiently accurate, and a correction given for 
each period of 248 days. In a period of 3,031 days of 
110 revolutions, the error would be only 2> and in 12,372 
days of 449 revolutions, it is taken as zero. Thus the 
error can be prevented from accumulating. Adding the 
mean moon at the beginning of the period to the true 
anomaly and corrections, the true moon is got. These 
248 vdkyas called Candravdkyas or Vararuci-vakyas , are 
said to have been first formed by an ancient astronomer 
of Kerala called Yararuci. 

In the case of the five planets, the true longitudes 
repeat when a number of synodic periods are also whole 
solar years, here too there being no motion of apogees 
as taken. These are very long periods. But sufficient 
accuracy can be secured by using a smaller number of 
synodic revolutions, using corrections for the small 
error, which can be prevented from accumulating as in 
the case of the moon. These are the mandala-vakyas and 
samudra-vdkyas of the planets. The explanations of their 
formation and use is found in Chapter II, while Chapter I 
is devoted to the sun, the moon, and Rahu (the nodes). 
43 
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The third Chapter is devoted to matters depending 
on the solution of spherical triangles, like daylight, rising 
ecliptic point, time and shadow. The fourth chapter 
deals with eclipses, and the fifth with heliacal rising and 
setting as also the Mahdpdtas. Thus the astronomical 
matter given is practically full. The results are also 
sufficiently accurate. The much-spoken-of error in the 
Vdkya-almanacs now-a-days is due to certain conventions 
followed to conform to the Dharmasastras (which is 
therefore not error at all) and the error in the astro¬ 
nomical constants used accumulating over the course of 
so many centuries now. [See the printed edition (loc. cit.) 
for details. Being well suited for almanac making, this 
or Tamil adaptations of this are used by computers. 

The Sanskrit commentary mentioned gives some 
interesting details about the subsequent history of the 
Vakyakarana in the colophon ending the commentary. 
A king byname Tipparaja is mentioned here who can be 
identified with Gopendra Tipparaya of the Saluva dynasty 
known from his inscription of 1475 A.D. to have ruled 
the southern districts of the Vijayanagar empire, as a 
feudatory. 

Tipparaja. 7 An astronomical work of Tipparaja is 
mentioned in the above mentioned colophon, bearing the 
name Tippa-rdjiyam. He has written three works in 
astronomy, the Tantraratna, a set of Candra-vdkyas, and 
Uparagadarpana. It is the Tantraratna that must have 
been referred to as the Tipparajiyam. Besides these, he 
has written a commentary called Kdmadhenu on Vamana’s 
Vdkyalankdra-sutra-vftti, and the Taladipika, on the 
Tala branch of music. All are in Sanskrit. 

The Tantraratna is a brief work, covering the whole 
field of astronomy. It follows the later Suryasiddhanta 

7. I am indebted to Dr. K. V. Sarma for the information set out 
here, 
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in its Yuga elements and other constants. It is in eight 
chapters. The first chapter deals with the computation 
of the chief items of the Hindu almanac, Vara, Naksatra 
of the sun and moon, Tithi, Yoga, Karana and Tydjyam, 
following the method of the Vakyakarana. In the place 
of the Bhupadi-vakyas for the sun, it gives the Yogyadi- 
vakyas which are easier to use, and appear here for the 
first time and later used by Vimesvara-ullamudaiydn etc. 
Tipparaja’s name and titles appear here, like 
Goparaja-tanaya, kathari-Saluva, Sanglta-rasa-bhavajna, 
Ubearadityasamvardhita, Camburaya-sthapaka, CanQra- 
malla, Talajna, and Kalyarapurendra. The colophon 
contains the name Saluva-Tipparaja. Chapters I to VIII 
are a regular Tantra work, of course, following the Surya- 
siddhanta in its elements, methods and contents. But the 
work is only mediocre in merit. 

The Candravdkyas are expected to be used as an 
appendix to the first chapter taking the place of the so 
called Vararucivakyas used in the computation of the 
moon. But the vdkyas go up to seconds, instead of 
stopping with minutes. At the end of the work there is 
some prose matter, in which an example to get Kali days 
is given. This is 16,74,709 days expired, Kali 4585 = 1484 
A.D., the time of Tipparilja himself. His Upardga- 
darpana, on eclipses, is available manuscript form. 

Next, in an astrological work by name Vi ( Bi)meivara 
Ullamudaiydn 8 , a small section on astronomy appears. An 
alternative name given is Jodidagrahacintamani. The 
main matter is what is found in the Cuddmani 
Ullamudaiydn, i.e., mundane and electional astrology 
with a little horary astrology added. The author does 

8. This was first printed in 1899 in the Viveka Vilakkam Press 
of Purasaipakkam (Madras), as edited by Marglinga Jodisar, 
who calls himself a pupil of Kulandayananda Swamigal of 
Mylapore. It was reprinted in 1970 at Tirumagal Press, 
Madras-4, and published by Ratnanayakam and Sons, 
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not give his name, but in every verse he mentions 
Vi(Bhi)mesvara, the Lord of Todukkadu in Tanjore 
District, often invoking the grace of Vimesvara’s con¬ 
sort, Nahaimuhavalli. The date of the work given in verse 
10 is Kali 4728, i.e., 1627 A.D. The subtiactive given 
for beginning the moon’s computation is 16,35,565 days 
(1378 A.D.). The moon’s anomalistic cycles are 3279 days 
(got by adding 248 and 3031) and 248 days. To bring 
the moon to true sunrise caused by the sun’s equation 
of the centre, the change in daylight and the difference in 
longitude called deiantara (the reduction to the equator 
being omitted, as in the original Vakyakarana itself), 
subtractive or additive minutes being given for every 
8 days of each month. The whole correction is wrongly 
called desantara correction by the commentator, though 
the actual work does not make this mistake. Since the 
average of all the corrections given is zero, we have to 
assume that either the desantara itself (about -7’ for 
Tanjore) is not given, or that a correction is given to the 
mean moon, equal to 8'. This is the dawn of the 
manyadi correction to the moon which includes a 
correction to the mean moon of about 26', used by the 
informants of Gentil and Warren, c. 1800 A.D., and later, 
upto this day. For finding the true sun within the month, 
the Yogyadivakyas are given, appearing in this work for 
the first time instead of the bhupadivakyas of the 
Vakyakarana , which are more difficult to use. Here too 
the commentary makes mistakes in the instructions to 
add or subtract, not to speak of the printing mistakes of 
the constants. 

To compute the five planets, the subtractive to begin 
work is given as 1368 $aka. Very rough values for the 
mean motions per annum are given, showing that the 
author intended them to be used for the author’s own 
lifetime. But these values carry the Parahita corrections 
used by the Vakyakarana. To correct the mean planets 
for the equation of the centre and equation of conjunc- 
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tion, values are given for each rd&i, a rough approximation 
instead of the intervals of 3|° as in the Parahita-vakyas 
of Haridatta, repeated in the Cudamani Ullamudaiydn. 

During the last decades of the 19th century, several 
such astrological-cum-astronomical works appeared for 
the use of almanac makers. One is the Muruga-Sekharam , 
which gives the Vdkyakarana method for the sun and 
the moon and the corrected Parahita method for all. It 
mentions how to use different calendars for use by 
Muslims and others. It includes also Dharmasastra 
matter to determine dates for offerings to the manes, 
Vratas, fasts, feasts, etc. It is by one Muruhaiya Josyar, 
and reprinted by Ratnanaicker and Sons in 1932. 

During the same period, a work called Jodidagraha- 
cintdmnni, popularly known as Varsadinul , appeared, for 
the same purpose. It is practically the Vimesvara 
Ullamudaiydn with some ramifications of the astrological 
portion. 

One Swami Iyengar of Karaiyur issued a Parahita 
Ganitam in Tamil, with his own corrections, mostly 
following the Vdkyakaranam constants and a subtractive 
from Kali days of 16,83,112 days, which is equal to eight 
times the sub-yuga used by Haridatta, etc. 2,10,389 days, 
the time being 1507 A.D. Why it uses this subtractive 
instead of a larger one, by which it could have obviated 
labour, is a mystery. It also gives methods to find day¬ 
time and ascensional difference for different latitudes. 

A very important work c. 1880 is the Jotisaganita- 
Sastram of Munampannai Kr§na Josyar of Nanguneri 
(Tirunelveli District). It is in Tamil and is extensively used 
by Vdkya almanac makers, many of whom own copies of 
it. It follows the Vdkyakarana, but uses the mdnyadi to 
bring the moon to true sunrise, with a bija. The author’s 
knowledge of astronomy is good, and he brings it to bear 
on his work. It is in five parts: (1) The sun, moon and 
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Rahu; (2) The five Star-planets; (3) Eclipses; (4) Daylight, 
Ascension etc., (5) Miscellaneous matters. For eclipses 
he gives different ancient methods and blja corrections 
to secure tolerable accuracy. He also gives rules to 
determine dates for offerings to the manes and Vratas. 

IV. Modern Times 

We now come to our own century. A desire to know 
the correct positions of planets, for the sake of predic¬ 
tions, is evinced by the educated. A new type of 
almanac, called Drgganita, whose calculation is based on 
modern Nautical almanacs and ephemerides is becoming 
popular. One such almanac-maker, C. G. Rajan, a 
Tahsildar in the Chinglepet district, compiled tables 
based on modern astronomical constants. Using these 
tables, fairly accurate positions of planets can be found 
for any day from 3000 B.C. to 3000 A.D., which may be 
used by astrologers and research scholars. 

Rajan has named the work Rdja-Jyotisa-ganitam. It 
is in English, and there is also a Tamil translation by 
himself. It was published in 1935. In his explanation 
and discussion, he exhibits good knowledge and grasp of 
the subject. In 1959, he published three booklets for the 
benefit of Fakya-almanac-makers, based on the Vdkya- 
karana, one on the sun, moon and Rahu, one on the 
computation of the five star planets, and one on 
calculating eclipses, using earlier cycles. He also gave 
the manner of computing the elements, in the usual 
method. In 1961, he published a booklet on the calcula¬ 
tion of the solar eclipse, computing and using modern 
elements. Till he died a few years ago, he was preparing 
the Rastriya Partchdng in Tamil, for the Government of 
India. 

There was also one L. NarSyana Rao, a native of 
Tanjore and a retired Central Government Officer, who 
was publishing a Siddhdnta Panchangam, till he died 
recently. He has collected and published the planetary 
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ephemerides for various groups of years from 1800 A.D. 
to 1950 A.D. Being a master of modern astronomical 
calculations as well, he has shown how the set of 
ephemerides given can be used for any time earlier or 
later outside the given periods, provided the time is not 
too far away. That is, he has shown how the sets of 
ephemerides can be used as perpetually repeating tables 
like the Candra and Samudra-vakyas of the Vdkya- 
Icaranam. If he had given longer periods to prevent the 
accumulation of the inevitable small errors at the end of 
each given period, it would have been useful to research 
workers desiring to compute the correct positions of 
planets at very early times. Also, he could have 
minimised the labour of reducing the given positions to 
the times required earlier or later, provided they are not 
too far away, by giving the instruction for changing the 
equation of the centre by differentiation. He has also 
given some tables useful for astrologers. 

Lastly, the author of the present paper too has made 
some modest contributions. He has translated the 
Vedanga-Jyotisa with an Introduction. 9 He has also 
translated the Vakyakarana in Tamil, with elaborate 
notes and worked examples. In the notes he has pointed 
out the merits and defects of the work, with instruc¬ 
tions to bring the various items in line with modern 
astronomy. It is being used by almanac-computers and 
some of his friends. 

He thought it would be good if, instead of the various 
instructions given in his notes to modernize the Vdkya- 
karana results, he added two appendices to his transla¬ 
tion, one to compute the correct positions of planets, 
and the other to give the correct circumstances of 
eclipses. The former he put in the Vakyakarana garb, 
just for the pleasure of it, though the planning and 

9 Ed. by K. V. Sarma with a critical edn. of the text, Indian 

Rational Science Academy, New Delhi, 19§5. 
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computation of the tabular values demanded a lot of 
ingenuity and enormous labour. In the case of the moon 
he has taken into account all the equations necessary for 
tolerable accuracy. The latter is a compendium in Tamil 
of a larger work he has written in English. He finished 
these two works by 1953 and 1956. They are still in 
manuscript form. 

He has revised his old work (in English) on eclipses, 
making a better arrangement of the matter and the tables 
more easy to use. Its merit is that it is complete in 
itself, where the elements used in computation, normally 
taken from the almanac themselves, are computed by 
himself and given. To do it easily, he has devised 
methods to combine the large number of the respective 
equations and hss given them in a smaller number of 
tables. He has given three methods of computing the 
circumstances, viz., the nonagesimal method used by the 
earlier astronomers, the right ascension declination co¬ 
ordinates method, and Bessel’s method, explaining all of 
them fully. 

In 1957, he critically edited the Mahdbhdskanyam of 
Bhaskara I with the commentary of Govindasvamin and 
a super-commentary by Paramesvara, for the Government 
Oriental Manuscripts Library, Chepauk, Madras. In 
1962 he brought out critical edition of the Vdkyakarana, 
with commentary jointly with K. V. Sarma. 10 

In 1962, he began the preparation of a critical edition 
of the Pancasiddhdntikd with an elaborate Sanskrit 
commentary and worked examples and an English trans¬ 
lation of both the text and the commentary. 11 He 
has also prepared a book on the theory and practice 
of modern astronomy, with tables and some basic 
mathematics and other matters useful to astronomers. 
This too remains in manuscript form. 

10. Pub. The K. S. Research Institute, Mylapore, Madras-4. 

Jl, English version being prepared for the press by K. V, Sarma. 
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THE AGE OF SAftKARA 

I. A Review of The Age of Sankara 
by T. S. Narayana Sastry (TSNS)* 

The Age of Sankara was first published in 1916, and 
a second edition has come out omitting certain parts 
of the Appendix. One of the important parts omitted is 
the ‘Sakakala or Saka era’, treating about the Saka era 
mentioned as No. VI of the eras listed on page 22. 

This work gives an interesting account of the life of 
the famous Adi-Sankaracarya, detailing the various 
incidents of his life, in the manner of a historical fiction. 
Vimar&a, a Sanskrit work on the same subject, written in 
1898 by Rajarajesvara Sankaracarya Svami of the 
Dwaraka Mutt, has shown the author this method of 
treatment, together with many other things. The author 
says that the date of Sankara is from 509 B.C. to 477 B.C. 
To see such an early date determined for Sankara must 
be very pleasing to Hindus in general, and the Advaltins 
in particular. But when historians and research scholars 
determine from internal and external evidences that 
Sankara could have lived only several centuries after this 
time, and it might be even more than a thousand years 
later, we have to accept it as true, because the evidences 
put forth by the author for his date are, I am afraid, 
untenable. 

I shall set out the true position first. All the Mutts 
established by Sankara have constructed their parampam 

* This is a detailed review of The Age of Sankara by T. S 
Narayana Sastry, b.a., b.l. Second edition by T. N. Kumara 
swami, m.a., published by B. G. Paul & Co., No. 4, Francis 
Joseph Street, Madras, 1971. 
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(Mine of succession’) from tradition and inadequate re¬ 
cords, long after they were first founded, after they gained 
worldly importance, and felt the need for an uninter¬ 
rupted pedigree from Sankara downwards. There were 
several Vikram3.ditya-s in whose names records dated 
in Vikramabda are found, confusing them with the well- 
known Vikrama Era of 58 B.C., and this has led to several 
contradictions. The line of succession may be expected 
to be correct for a few pontiffs before the attempt at 
reconstruction was made, when memory would have 
been fresh. Generally speaking, uncertainty would 
increase as we go further up. The Sringeri Mutt, having 
had connections with the Vijayanagar and later empires 
and had become famous from the 13th and 14th century 
onwards, its line can be expected to be the most authentic. 
But mistaking Sankara to have lived in the first century 
B.C., owing to the confusion in the Vikramaditya names, 
has resulted in giving 800 years to Sankara’s successor 
Suresvaracarya, to connect him with the next in succession 
in that line, beginning from whom the succession has 
been quite authentic. If Sankara is taken to have lived 
in the 8th century A.D., or a little earlier or later, on 
which there is an almost consensus of opinion among 
historians, not only will all discrepancies be resolved, but 
it will also fit in with the internal evidence of Sankara 
having known Dinnaga, Bhartrhari, Dharmakirti and 
Kumarila, and having condemned the Vijnana and $mya- 
vada-s of the Buddhists and several Jain tenets of later 
growth. 

Like the line of succession of Sankara, the writing 
of his history too must have been attempted long after 
he had lived, after the desire to write it had cropped up 
in peoples’ minds. Therefore, some of the incidents 
mentioned therein may be authentic, but others that are 
.impossible or seem improbable to the fair-minded 
historian, might pot be true, and arc the product of the 
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poet’s kavya-sty\Q of writing, a mixture of fancy and 
fact. That Sankara was born on a Vaisakha-suddha-, 
pancami must be true, and that the birth-star was Ardra 
may also be true. But the planetary combinations and 
auspicious birth-times given variously by various authors., 
must have been drawn from their imagination, fancying, 
that such a great man must have been born under such, 
a combination. 

But one thing we can say. The Sankaradigvijaya, 
popularly known as Mddhaviya-Sankaravijaya, written’ 
by VIra Vasanta-Madhava, 1 2 3 4 5 * * better known as Madhava- 
mantrin, of Angirasa gotra, minister of Immadi Bukka II," 
in the early 15th century, and published long ago with 
the two commentaries Dindima a and Advaitardjyalaksmf 
and referred to even by the Susama 4 as Sanksepa 
Sankara-vijaya, being the most ancient extant text on' 
Sankara, may be taken to be the most authentic, saving- 
the inevitable mahakdvya style. 8 

This work mentions a prior work, Prdcina-Sankara- 
vijaya, of which this is a compendium, but that work 
does not seem to be available now, about which we shalJL 
see later. Some Sankara Mutts have caused to be written 
or patronised several £ankara-vijaya-s, literary works and. 
Guru-parampard-s to establish each its own importance 

1. Vide The Age of Vidyaranya, Part I, by K. R. Venkata- 
raman, Calcutta. 

2. This was written by Dhanapati Suri in 1770 A.D. He also 
wrote a commentary on Sadananda’s Sfankaravijaya in 1783. 

3. This was written by Achyutaraya in 1824. 

4. Details about this will be given later. 

5. The author TSNS tries to belittle the Madhaviya-Sf ankara- 

vijaya, saying that it is by one of his (TSNS’s) own time. 
But the facts mentioned above and the fact that it had 

come in print long before the time of the alleged modern 

author, go against accepting his (TSNS’s) words. 
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and, in some cases, when disputes arose about property 
or jurisdiction, and have even concocted new evidence 
like copper-plate inscriptions etc. 

In thus concocting evidence, it is patent that 
contenders entering in recent times have certain 
advantages. They can use the better knowledge of history 
and science to make more plausible concoctions, and 
even hold up tfie earlier mistakes of their adversaries to 
ridicule. But if truth will triumph, the very excessive 
greed of these concoctors will expose them; the very 
knowledge that they use, being insufficient to cover them 
up, will expose them. The work which we are review¬ 
ing serves as a good example of what I am saying. 

The author of the work reviewed here, T. S. 
Narayana Sastri, asserts in this work that Sankara was 
born in 509 B.C. corresponding to Kali 2593, in the year 
Nandana, on VaiSakha-Suddha-pancami, Punarvasu, 
Sunday, in Karkataka-lagna. The evidence he adduces 
for this can be classified under four heads : 

1. Bits of a Brhat-Sankaranjaya {BS V) attributed 
to the famous Citsukhacarya, quoted in the commentary 
called Susama (alleged to be by one Atmabodhendra, a 
pontiff of the Kumbakonam Mutt), on the Guru-ratna- 
mdlika, giving the line of succession of the Mutt, alleged 
to be written by the famous Sadasiva Brahmendra, 
together with a Punyailokamanjari also alleged to be 
written by a pontiff of the same Mutt. 

2. Bits of a Prdcina-Sankarajaya ( PSJ ) attributed 
to the famous Anandagiri, alleged to be the seventh 
pontiff of the Mutt, belonging to the second century A.D. 

Even according to the author, the Bfhat-Sankara-vijaya 
and the Pracma-Sankarajaya are not extant now but for 
the bits quoted in the Susama • Of these two, regarding 
the former, only the name Citsukha is true as the author 
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of the famous Citsukhiyam. There is no evidence for 
the story that he was born in Sankara’s own village, had 
been his mate as a boy, lived always with him and long 
after his death, knew every detail of his life, became a 
pontiff of the Mutt and wrote the Brihat-Sankaravijaya. 
All this is known only to the Gurugranthamdlikd-Susamd- 
PunyaSlokamanjari group, and to nobody else. These 
have concocted, for the Mutt, a line of succession with 
precise dates of accession and death, from Sankara 
downwards, using the names of authors of famous 
advaitic and other works, who have been established by 
research scholars to have lived in quite other times and 
at other places. 

As for Anandagiri, the name is well known as the 
writer of the gloss on Sankara’s works. Prficina-Sankara- 
jaya 6 may also be taken as having existed, if Madhava 
had meant by the word the name of a prior work instead 
of an earlier Sankaravijaya in general. But there is no 
evidence for believing that Anandagiri wrote the work, 
or that he was the seventh pontiff of the line, and lived 
in the second century, excepting the Gururatnamdlika — 
Susamd—Punya§lokamanjari set, written solely for the 
glorification of the Mutt. If what TSNS says about 
the Byhat-Sankaravijaya and Prdcina-Sankardjaya were 

6. In listing the various 5> ankara-vijayas, TSNS mentions one 
by a certain Anantanandagiri, calls him an imposter and 
condemns him as being unreliable and confused, because the 
work, as the author knows it would do discredit to any 
Mutt that owned it. But since the TSNS’s death, it has 
been emended by deleting or incorporating whole passages, 
and friends of the Kumbakonam Mutt now assert that 
Anantanandagiri is the old Anandagiri himself and writer 
of the Pracina-tfankarajaya, (this, inspite of the patent 
super-imposition of two large layers exhibiting low taste, 
and written in halting Sanskrit, over an original good matter. 
They have also brought out a new edition of the work, try¬ 
ing to cover up the defects and presenting the work in the 
most favourable light to the Mutt). 
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true, then they would be the strongest evidence for 
Sankara’s life history. 

In the BSV all incidents are given in a Yudhisthira 
Saka (YS), Sankara’s birth-date being given as 2631 of 
the era, and in Anandagiri’s PSJ in the Kali era, the 
birth year being given as 2593. This YS itself, according 
to TSNS, began in 3140 B.C., (sometimes he says it is 
3141 and sometimes 3139, according to his convenience), 
which date itself he has invented for his own purpose, no 
one else having mentioned it before as “beginning from 
the first coronation of Yudhisthira at Indraprastha.” But 
the name itself is well-known and used by the Jains as 
beginning from 648 Kali. But the author asserts that 
the Hindus all use his YS of 3140 B.C. He is not speaking 
the truth here. While his YS is not used by anybody else , 
there are two other YS which have been in use among 
Hindus. The well-known Jyotirviddbharana, in its list of 
eras current in Kaliyuga, says that the YS began with 
the Kaliyuga, in 3102 B.C., and ended with the Vikrama 
Era beginning in 58 B.C., which itself ended in 78 A.D., 
when the §aka Era proper, later known as the Salivabana 
Saka, began. Again, Varahamihira in his Brhat-samhita, 
in the context of the Saptarsi-cdra, says that the era of 
Yudhisthira’s reign began 2526 years before the Saka Era 
of 78 A.D.: 

sad-dvika-panca-dvi-yutah (2526) 

Sakakalas tasya rdjyasya 

The years of the Saptarsi-cara, omitting the centuries, 
and called the Laukika Era, was current in Kashmir and 
the nearby Himalayan regions. It is this that is used by 
Kalhana in his Rajatarangim. If this is also taken as YS, 
since it began with Yudhishthira, we have it that all 
Hindus have been using these two, and none else was 
known. When this is the truth, TSNS asserts on 
page 22, Sec. V, that his concocted YS of 3140 B.C. was 
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the one used by all the Hindus. I shall explain why he 
was constrained to invent this, when dealing later with 
the Sudhanva copper plate. For the present we shall 
accept what he says and proceed. 

The Gururatnamalika and the Susama with the 
quoted portions of BSV and Anandagiri, and the Punya- 
ilokamanjari, all state that Sankara was born in Kali 2593 
(the author’s Y.S. of 2631) on Vaisakha-suddha 
pancami, Karkataka-lagna, with the five heavenly bodies, 
the Sun, Mars, Jupiter, Venus and Saturn in exaltation 
(ucca), as shown in the following birth chart I, as given 
on page 243 and also 288 by the author. 

Chart I (given) Chart II (actual) 


Venus 

Sun 

Mer¬ 

cury 

Moon 


Rasi 

Jupi¬ 

ter 

Lagna 

Mars 




Saturn 



Saturn 

Sun 

Mer¬ 

cury 

Venus 

Moon 


Rasp 




Mars 

Jupi¬ 

ter 




But actually on that date the positions were as in 
Chart II. Note how far away are the four planets Jupiter, 
Saturn, Mars and Venus from the exaltation positions 
given by the author. The differences are so great that 
they cannot be accounted for by the difference in the 
Siddhantas used, or mistakes in them. Could the great 
Citsukha, alleged to be a contemporary, close friend and 
later a successor, have given that chart even by mistake, 
or Anandagiri, who is alleged to have followed in the 
line elose after ? As the line of succession and dates of 
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accession have been constructed in the '• Punya&loka - 
matijari and Susamd exactly following this date as origin, 
and as the line can neither be contracted nor expanded 
in time, giving as they do specific dates for each 
succession, they must all be equally unreliable, as also 
the existence of these two Sankaravijaya-s, since they 
exist only in the quotations in these works. It is also 
obvious that works like the spurious Vydsdcallyam 
quoted by the author on p. 247, giving for Sankara’s 
birth the same year 2593 Kali, Nandana , with the same 
five-planet exaltation, and for his death 2625 Kali, 
Raktaksa on p. 230 must be considered as unreliable as 
the above works. 

The probable genesis of these works is the publica¬ 
tion of the Vimaria in 1898, by the said Swamiji of the 
Dwaraka Mutt with a copper-plate inscription in support 
of Sankara’s date, alleged to have been issued by a 
contemporary king, Sudhanva, to Sankara himself, and 
said to have been preserved in the Mutt. (We shall 
examine the genuineness of this plate later.) In it the 
date of issue of the plate is given as 2663 YS, the 
wording showing that Sankara was alive at that time. 
Our author resolved to use this for his purpose. Even if 
YS 2663 is the last year of Sankara’s life-span of thirty- 
two years accepted by all, he should have been born not 
earlier than 2631 Y.S. If this YS is taken as the accepted 
YS of Jyotirndabharana, Sankara’s birth must fall just 
after 2631 Kali, since both eras are synchronous. The 
author also wanted to give a birth-date for Sankara, with 
five planets exalted, for the sake of plausibility, and his 
computers fixed a date in 2593 Kali ( Jyotirvid . Y.S. 2593) 
thinking that that date answered to the specification, and 
no other date nearby. (This is the real meaning underlying 
the author’s statement on page 245 to the effect, “We 
have ascertained from two of the greatest astrologers of 
South India that this particular combination of the 


57 1 HjdxrLtmlcjaL 



THE AGE OF SANKARA : I 


353 


planetary bodies did actually occur on Vaisdkha {Mesa) 
Sukla Pahcami of the year Nandana in 2593 of the 
Kaliyuga, corresponding to 509 B.C.”). But since this is 
too low down from YS 2631, which is the lowest limit 
agreeing with the date of the copper-plate mentioned 
above, the author had to invent a YS beginning 38 years 
earlier, with the first coronation of Yudhisthira in 
3140 B.C. according to him, and asserting without an 
iota of truth that that was the only YS known to the 
Hindus. But fortunately for truth, the concocters have 
gone wrong, and the author’s edifice built upon their 
date has collapsed, as we have already mentioned. 

Another mistake of the concoctors that exposes 
them is giving Nandana as the year of birth in both the 
Sankara-vijayas, while actually it must be Dhata for 
509 B.C. according to the astronomical Samhitas and 
Siddhantas. They have got it by counting backwards 
one year of the Jovian cycle for each solar year and 
arriving at Nandana for 2593 Kali, on the mistaken 
practice now current in the extreme south of India, since 
the solar calendar was adopted about a thousand and one 
hundred years back, (the rest of India following the 
correct procedure), as evidenced by the twelve-year 
advance there in the Jovian year from what is given in 
the South. (For details see the Bulletin of the Institute 
of Traditional Cultures, October 1967, Part I. Sect, ii, 
p. 45). The reason given for the lagging behind in the 
South, and advance elsewhere in the Introductions to 
some Tamil Pancangas is mere bluff, not supported 
either by the astronomical works or the Dharma-sastras). 

Further, historians and scholars agree that at such 
an early age as 509 B.C. weekdays like Sunday, names of 
rdSis like Mesa, and ideas like exaltation, and giving 
numbers in bhutasankhyd were not in use among Indians. 
But these are freely used in the said quoted portions. 
Mistakes in the use of the bhutasahkyd indicate that 

45 
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novices not conversant with it (like the people of the 
South accustomed to using mostly the ka-ta-pa-ya-di- 
sankhyd) are handling it. They are unaware that there is 
a practice governing its use. Adhva for 6, vara for 7, 
§cistra for 6, and anga for 4 are not used in the bhuta- 
sankhya. While the first three are simply not in use, the 
last one, anga, used for 6 by custom, cannot be used 
for 4, since the resulting ambiguity would play havoc 
with the astronomical constants. Thus too the concoctors 
stand exposed. 

Against the argument of anachronism given in the last 
paragraph, the author may say that the historians have 
all gone wrong in dating the past events, that actually the 
early periods like the rise and fall of the Magadha 
kingdom etc., should be put back by about 700 years, 
and if done so what they fix for the second century A.D. 
will be possible for 509 B.C. The author has put forth 
his arguments for this in an Appendix to his first edition 
(omitted in the edition reviewed here), postulating that 
the real Saka Era started in 576 B.C. (sometimes he 
makes it 575 B.C. and sometimes even 550 B.C. according 
to his convenience), and that the early records like the 
Aihole Inscription and astronomers from Varahamihira 
to Bhaskaracarya, mean only this Saka when they 
mention it. I have exposed the baselessness of his 
arguments in detail in a paper on the subject (see above 
pp. 255-87). 

Another thing has got to be mentioned. In describing 
the planetary positions in verse 12, on page 273, we find 
the words, “ # ”. This means 

that the birth was in the 26th century of the YS and 
the date would have to be taken as 2531 YS (equal 
to 609 B.C.) and not 2631 YS. But this year cannot be 
taken, for the following reasons: Mars cannot be in 
exaltation, being nearly four raiis away. This will also 
go against the year of death given in the same work as 


57 1 HjdxrLtmlcjaL 



THE AGE OF SANKARA ! t 

5663 YS and Kali 2593 for birth, and the cycle year 
Nandana given for it, as also the Gurugranthamdlikd- 
Susamd-Punyaslokamanjarl group, giving definite dates 
beginning from 2593 Kali alone. This would also 
contradict the concocted Jinavijaya agreement—(we shall 
be dealing with this presently)—and also the evidence of 
the Sudhanva plate. Another thing may also be added. 
In the quoted verses, there is a confusion that Saugatas 
and Jainas are synonymous. Do the concoctors mean 
that Citsukha and Anandagiri did not know that Jainas 
are different from Saugatas, viz., Buddhists? 

Another important point: On page 227 there is an 
alleged quotation from the PSJ. describing Sankara’s 
death, saying that in Kali 2625, Sankara placed Suresvara 
on the Pitha renowned as Kamakoti to take care of 
Sarvajna, and leaving his body before Kamaksi attained 
moksa : 

gfaq, i 

^ stm II 

This is an anachronism because the Kamaksi cult itself 
did not develop till after several centuries A.D. and 
archaeologists and historians agree that the Kamaksi 
temple itself arose on the ruins of the Jain and Buddhist 
temples situated in the same place, with many of the old 
murtis transformed into the present ones, (as seen from 
the old vestiges still visible), and the worship of Kamaksi 
commenced about the ninth or tenth century A.D., the 
temple itself being built later still. When such is the 
case, how could there be a Math called the Kamakoti 
Pitha there or the mention of Kamaksi in the 5th century 
B.C.? (For details see the booklet, Devi Kdmakshl in 
Kanchi—A historical study by K. R. Venkataraman, 
Second edition, 1973). Thus we see the author’s edifice 
collapsing at every line of examination. 
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III. A corroborative evidence advanced by the 
author is an alleged extract from a work called Jinavijaya, 
apparently written for the glorification of Jina, i.e., 
Vardhamana Mahavira, the 24th Tirthankara and founder 
of the Jain sect. It may be mentioned even at the outset 
that such a work is not found in the Jinaratnakosa a 
bibliography of known Jain works, nor in Aufrecht’s 
Catalogus Catalogorum. There is a work of this name 
in the Madras University’s New Catalogus Catalogorum, 
of Sanskrit works, but it deals only with the tenets of the 
Jain sect and nothing more. The author must have 
invented the name and concocted the quotations as there¬ 
from, thinking that evidence from a rival faith’s work 
would be more convincing. On p. 150, he himself says 
that he has no firsthand knowledge of this evidence, but 
saw it mentioned in an issue of the journal ‘Sanskrita 
Chandrika’ of one Appa Sastri of Kolhapur that Sankara 
was born when Kumarilabbatta was forty-eight years of 
age, and so he wrote to Appa Sastri for authority and 
that Appa Sastri sent him by post the verses quoted by the 
author, saying they were from the Jinavijaya. We have 
only to believe the author’s words for this. Be it so. But 
why should he give references under the verses (like 
“vide p. 6, Sanskrita Chandrika etc.”) as if these verses 
are taken from the journal itself? Further, an examina¬ 
tion of the verses would show that the verses have been 
written by a person having very little knowledge, 
especially of Sanskrit. For example, but for the only 
statement that Kumarila was defeated in argument (by 
Jina himself!!) the gist of the verses glorifies Kumarila, 
against the ostensible purpose of the work. What is the 
relevance of Sankara’s year of death as Raktaksa being 
given in this work, where even giving Kumarila’s full 
life will be irrelevant ? In the context of Sankara meeting 
Kumarila, a verse (as translated by the author himself) 
says “when Sankara was fifteen years of age, Siva met 
Bhattacharya Kumarila”. Did the Jains too consider 
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Sankara as an incarnation of §iva ? Further, the word¬ 
ing is such that Sankara and Siva in the sentence are 
different persons. In mentioning Sudhanvan killing 
Jains, the verse says ^ \, 

the word in the verse indicating that the 

narrator mentions the fact with exultation. Would 
a Jain speak like this ? Here, too, in giving Bhutasankhya, 
words not current then are used. For ‘two’ the author 
seems to be afraid of using aksi and always uses the 
expression martyaksau as if there would be some doubt 
in the number if martya is not used together. The same 
fear, bespeaking a modern novice of South India is seen 
in giving the instruction vdmamelandt, again and again, 
as if otherwise the numbers would be used in the order 
he is accustomed to, beginning from the highest value, 
proceeding to lower and lower. Here, too, is the same 
mistake, in getting the Jovian cycle-year Raktdksa as 
Sankara’s year of death. The mistaking of Saugata for 
Jain is also found, all pointing to the same person or 
group as concoctors. Again, while the Sankaravijayas in 
general give as the opponents of Kumarila, the Bauddhas 
with whom he lived incognito, learnt their Sastras and 
ultimately vanquished them, why should the Jains take 
their place here ? Here is the hand of the Dwaraka Math, 
latterly obsessed with the Jains predominant in the region 
around it. The Sudhanva plate also exhibits this 
obsession and is perhaps the genesis of the substitution 
of the Jains for the Buddhists. In conclusion, since the 
alleged birth-date by the Jain reckoning also exactly 
coincides with the discredited 509 B.C., it is evident 
that the former has been concocted simply for corrobora¬ 
tion with the latter. 

IV. We shall now take up for scrutiny the evidence 
of the Sudhanva copper plate inscription, given on 
pp. 220-21. For a detailed study, I refer the reader to 
the speech, exhibiting deep critical acumen, delivered 
by Prof. V. Venkatachalam, Head of the Department of 
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Sanskrit, Vikram University, Ujjain, at the Seminar held 
at Sringeri, on the occasion of the Kumbhabhishekam 
renovating the Adhisthana of Suresvara on May 10, 1970, 
and printed in the Commemoration Volume , Seminar 
Section, pp. 86-105, under the title ‘The Sudhanva 
copper-plate : A dispassionate re-appraisal’. I shall give 
the substance alone here, adding my own comments 
thereon. 

(1) In 1898 A.D. the then Sahkaracarya of the 
Dwaraka Math published a Sanskrit work by name 
Vimarsa in which there was a copy in modern Devanagari 
of an alleged copper-plate inscription issued by Ring 
Sudhanvan to Sankara in YS 2663. If genuine, the 
original should have been in the pre-Asokan Brahmi 
script, examining which we can ascertain its genuineness. 
But it is not available at the Math now for examination. 
They say that it had been submitted as an exhibit in a 
Court of Law for evidence in a dispute, and was not 
taken back. It is not likely that they would have failed 
to get back such an important document unless it was a 
fake, and, so, was not claimed back, for fear of exposure 
by historians. 

(2) Its language is different from that of c. 500 B.C. 
when it was alleged to have been issued, and contains 
modern provincialisms current in the Gujarat region. 
For example, the word satta is used in the sense of power 
or suzerainty. 

(3) The word Saka is used in the sense of era. This 
sense originated from the word Sakabda meaning the 
year in the §aka Era of 78 A.D. used (like Vikramabda) 
to indicate the era named after the Sakas, and later 
extended by a semantic change to indicate an era in 
general, like the word ct6otQsootiu = (otot+C1ieuj) in Tamil, 
first meaning an oil expressed from sesamum, (ctbt), and 
later used for any oil, so that we have words like S^iajairiu 
5 T 6 oorQ 60 ortu, auSfeo 6rsoorQ6ooriu etc. (Even if the author’s 
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plea for an older §aka referred to already be accepted, 
a hundred years is too short a period for such a 
generalisation to happen.) 

(4) The date of issue of the plate is given as 
YS 2663. Whether there was such an era current at that 
period or not, whether this plate is a fake or not, the 
Swamiji of the Math that published it in his book and 
used it for his Life of Sankara has taken the YS to mean 
the well-known one given in the Jyotirvidabharana, 
beginning with Kali 3102 B.C. and dates the events of 
Sankara’s life and the accession of the subsequent 
pontiffs. This can be seen from the synchronism in the 
date of composition given by him at the end of the 
Vimarsa 

«jforJTt^T.” This gives Sankara’s year of birth as 414 

years before the Vikrama Era of 58 B.C., i.e. as 472 B.C. 
Even if the plate had been issued in the last year of 
Sankara’s life, the birth year in YS should be 2631, i.e. 
the YS began in 3102 B.C., i.e., with Kali. Now, our 
author says that Sankara was born in 509 B.C., 37 
years earlier than 472 B.C. which we get by the YS 
of the Jyotirviddbharana used in the Vimarsa. It is to 
make up for this that the author has invented his YS 
beginning 37 years earlier, in 3140 -39 B.C. (about which 
we have spoken already). 

(5) We shall now take up the contents of the plate 
for scrutiny. 

(a) The only original authority for the existence 
and content of the plate is its publication in the Vimarsa. 
But in taking it and printing it in his work (p. 222) the 
author has silently changed the words “ 
s^rr^rnfaj ” into “ for his 

own purpose. This is a trick to appropriate for the 
Kumbakonam Math the Suresvaracarya, whom the 
Dwaraka Math claims for itself, and who was really in 
the Sringeri Math as evidenced by his ancient adhisthana 


57 1 HjdxrLtmlcjaL 




360 


COLLECTED PAPERS 


(sacred tomb) there, for which the renovation Kumbha- 
bhishekam ceremony was performed in 1970. 

(b) Sudhanva states in the plate that Totaka was 
the least in knowledge among the four disciples, and 
therefore Sankara appointed him to Jyotirmatha in the 
north where there would not be many controversialists 
to meet, and that Suresvara was the greatest in know¬ 
ledge and was appointed to the Dwaraka Math in the 
west, where there would be the greatest need to dispute 
with opponents. If Sudhanvan had this estimate of 
Totaka, would he mention it to Sankara himself, and, 
even if Sankara had estimated the ability of his pupils 
like this, would he have confided this to Sudhavan, and 
even then would Sudhanvan mention this in a copper 
plate issued to him ? 

Such is the credibility of the plate, and our 
author Narayana Sastry gives this as an important piece 
of evidence for his date of Sankara. I doubt if he himself 
believed it to be genuine, because his mind and that of 
the Dwaraka Sankaracarya have worked on the same 
lines, and he has perpetrated all the tricks that the other 
has done. Both have fictitiously related most of Sankara’s 
poems with the events of his life. Both have created a 
line of succession with precise dates, though the Swamiji 
has stopped with Nrsimhasrami. Both have stated that 
biographers have confused the later pontiffs of the same 
name with the original Sankara and mixed up the events 
of their lives, and both give authorities from the non¬ 
existent and concocted works. While the Swamiji 
creates a Brhadrujatarangim to give as authority, our 
author creates a Jinavijaya to support the created Bfihat- 
Scinkaravijaya and Prdclna-Sankaravijaya. 

I must also mention here a concoction named 
Kaliyugardja-vrttanta, extensively used by the author 
Narayana Sastry, in the first edition, the name being 
chosen with the intention of creating in the minds of the 
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readers the impression that it has been taken from the 
Bhavisya Purdna, Uttarakhanda. (The authoritativeness 
of even this Bhavisya , Uttara can be seen from the fact 
that it contains the story of the Bible from Adam and 
Eve to Jesus Christ, the story of Mohamed and Islam and 
the history of Muslim India till Shah Alam, and the fact 
that the personages occurring in these stories are declared 
to be the good and bad kings and demons of the 
Dvapara and earlier yugas that have re-incarnated 
themselves as the good and bad kings and tyrants and 
villains in the Kaliyuga). We can guess what this means 
when all attempts by research scholars to trace it to any 
source, puranic or otherwise, have failed. 

To continue, both Narayana Sastry and the Swamiji 
of the Dwaraka Math have tried to appropriate for their 
own Math famous writers of advaitic and other works, 
though they belong to different places and times. But 
even as the ‘ perfect crime' was out, the author’s false 
claims stand exposed by his own imperfect knowledge 
and trying to be too clever. 

Besides what we have discussed in detail, there are 
sundry other points mentioned by the author that cannot 
be replied to in detail in this article, for fear of being 
made too long for a review. The reader is referred 
chiefly to the following work to get his doubts cleared : 
The Kumbakonam Mutt and the Truth about it. 
Parts I and II, (published 1965), by R. Krishnaswami 
Aiyar, m.a., b.l.. Advocate, Trirunelveli (latterly known 
as Gnanananda Bharathi Swamigal) and Sri (now late) 
K. R. Venkataraman, Redt. Director of Public Instruc¬ 
tion and Historical Records Officer, Pudukkottai, 
respectively. 

But what is the correct age of Sankara? I shall 
discuss this in the next paper. 


46 
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The genuine Safikaravijayas extant are all late works, 
as we have stated in the previous paper, and some of 
them have given dates which are only guesses from 
traditional stories, and are found mostly untrustworthy 
on examination. The Mddhaviya-Sankaravijaya is silent on 
the point of Sankara’s date of birth, but gives a planetary 
combination that can give a series of dates at intervals of 
about 300 or 400 years. Internal evidence from the 
Sankaravijaya of Anantanandagiri discredited by T. S. 
Narayana Sastry, as we have already referred to, points 
to a date later than even Ramanuja and Madhva, and 
obviously absurd. 

But there is plenty of internal evidence and some 
external evidence also, to show that Sankara must have 
been born not earlier than the last part of the 7th century 
A.D. and not later than the first few years of the 9th 
century, on which point there is an almost consensus 
of opinion among historians and scholars of Indian 
philosophy. 

Sankara’s writings show that he is well acquainted 
with the Puranas in their modern form, which were 
redacted during the Gupta period. He is said to have 
studied the Sutasamhita several times before he wrote his 
Bhdsyas and the Sutasamhita forms part of Skanda, one 
of the latest of the puranas. He is also known to have 
purified and propagated the six Indian cults ( Sanmata - 
sthdpandcdrya) that were fully shaped only after several 
centuries A.D. In the Mahayana form of Buddhism, 
the two schools of Vijnanavadins and Sunyavadins were 
perfected during the period from the 4th to the end of 
the 7th century A.D. and Sankara discusses and refutes 
them in his Brahmasutra-bhasya, II. 2. 18-36. His 
direct pupil Padmapada refers to this in his Pancapddikd 
thus; 
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“ ^ qq rqifqq;: q$r: surr^ar: ” 

In II. 2.28, Sankara quotes the first half of a kdrika of 
Diiinaga, pupil of Vasubandu, from his Alambana- 
parlksa : 

^ftssdrfs H^qfqi^ q q?aeqqcnsfq q ii 
It is known that Diiinaga lived in the 5th century A.D. 

Suresvara, another direct pupil of Sankara, mentions 
the Bauddha Naiyayika Dharmakirti, by name, in his 
Brhadaranyaka-vdrttika : 

fq<%q cqrqqrflTqr^RT | 

q?q^rifq. nfq%q q *r?qq: n 

He also quotes him : 

safasitsfq % rqqqfraqqsTq; i 

And Anandagiri, the author of the gloss, writes on this; 

q^fqqTqqg^i^fa-sifa^sfq it etc. 

This same verse occurs in Sankara’s Upadesa-sahasn 
(XVIII. 142). Again, in his Brahmasutrd-bhasya (II. 2. 
28), in refuting the Vijnanavada, Sankara says, 

g qqreq qi^itsq qqarcqurq:.t srer qq ‘^fiqtswRq- 

jftsfq’ atqqfqqqqV sqrci^qqi^gq;:. qis^qlgf;: Cr-gqqfqsqi* i 

This gftqaiqfqqtr is a reference to Dharmaklrti’s 
and 

^5j sn?afq^fq: S^^lfeqTSgr^ | 

respectively, from his Pramananiicaya and Pramdnavdrt- 
tika. This is again quoted by Vacaspati Misra in the 
Bhdmati under the ijqq^m^q of Sankara : 
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“ 3rfcr?r, g£l<rattiffr*rot^r5ctfMraGnrwrtaraaflrr* 

The Chinese traveller I-T’sing, who toured India 
during 673-695 A.D., says in his report that Dharmakirti 
had been his own contemporary and pupil of Dharma- 
pala, head of the Nalanda University, and class-mate 
of Acarya Silabhadra. Thus Dharmakirti must have 
written his works during the second half of the 7th cen¬ 
tury. Sankara also quotes in his Bhdsya in II. 2. 22-24, 
several bits from Bauddha works, and one of them is 
from the Abhidharmakoia-vydkhyd by Gunamati, who is 
placed in the middle of the 7th century. 

The celebrated mimamsaka, Kumarila Bhatta, who 
is said to be a contemporary of king Sranga-san-Garapo 
(629-698 A.D.) by Lama Taranatha, refutes in his Sloka- 
vdrttika Dharmakirti’s definition of Pratyaksa , in the 
passage “ sKS'TJfrs'ftg'aag-JcT ' 5 etc. He quotes in his Tantra- 
vdrttika from Bhartrhari’s Vakyapadiya the verse, 

II (il. 121) 

and I-T’sing in his report says that Bhartrhari died in 
651-52 A.D. Umveka Bhatta, who became famous as 
Bhavabhuti through his drama Uttarardmacarita is said 
to be a pupil of Kumarila. Kalhana’s Rdjataranginl says 
that in the year 733 A.D. King YaSovarman of Kanauj, 
who had Bhavabhuti and Vakpatiraja as his court poets, 
was vanquished by the Kashmir king Lalitaditya. Cf. the 
verse: 

fsicfr soften? 

These point to the second half of the 7th century and 
early 8th century for Kumarila. Sankara, after writing 
his Bhdsyas by his sixteenth year, met Kumarila, a 
well-nigh old man, and at his suggestion vanquished his 
pupil, Mandanamisra. While adopting the pramdnas 
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established by Kumarila (sqqgKWfiW:) and his conclu¬ 
sions (*TteteiT?3r<rT:) as norms, as far as possible, Sankara 
refutes other views which are specifically Kumarila’s, 
inconsistent with the ideas of the Brahmasutras. 

From all these, we can see that Sankara must have 
been born not earlier than the last quarter of the seventh 
century A.D. Therefore, any date earlier than this is 
untenable, and the date c. 655-689 determined by T. R. 
Chintamani (Journal of Oriental Research , Madras, III) 
must be considered slightly too early. 

We shall now proceed to discuss what authority we 
have to fix the date more precisely. 

Shri Jayapura Vishvanatha Rajagopala Sharmainhis 
Sri Jagadguru Sankara-mata-vimarSa, (pp 16-27), fixes 
648 A.D. for Sankara’s birth, (which seems most 
plausible), giving the following reasons: 

(1) The Sringeri Sarada Matha finding the 14th year 
of Vikrama mentioned in its records, mistook it for the 
Vikrama Era of 58 B.C. and determined a date corres¬ 
ponding to 44 B.C. But at that period this era itself was 
not called by the name of Vikrama, but went by the 
name of Malavagana Era or Krta Era. It was also a 
common practice in those days to reckon dates in the 
ruling king’s regnal years. There were several kings 
bearing the title Vikramaditya and we have to determine 
from other factors which Vikrama is meant. From our 
discussion, the Vikrama referred to must be the Chalukya 
Vikramadiya I of Vatapi (son of Pulikesin II), who 
ascended the throne in 670 A.D. or thereabouts. This 
must have been meant by the records, and Sankara must 
have been born in his 14th regnal year, c. 684 A.D. 
B. G. Tilak also has accepted this view and determined 
this date for Sankara in his work on the Gita. 
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(2) Sankara must have finished writing his Bhasyas 
by about 700 A.D. (from his life stories) and become 
famous only after that time. (That explains why I-T’sing 
does not mention him). This agrees with certain other 
facts. Ramachandra Kak has concluded that “Adi 
Sankara visited Kashmir c. 700 A.D. to mark which the 
Sankaracharya Hill was named after him”. 

(3) The Hindu Religious Endowment Commission 
(Chairman, C. P, Ramaswami Aiyar), after personal 
examination of evidence tendered, says that “Adi 
Sankara reclaimed the temple of Badrinath in the 
beginning of the 8th century A.D. with the help of King 
Nanak-Pal of Gahrwal, and it is significant that the 
Gahrwal State still has control over Badrinath temple.” 

(4) Youthful Sankara’s meeting with Kumarila at 
the latter’s old age also agrees well with this period. 

(5) Cunningham considers that the Sastravada held 
at the Sarada temple in Kashmir during the time of King 
Lalitaditya, already referred to, mentioned in Kalhana’s 
Rajatarangim, might well be by Sankara, as it coincides 
with the first part of the 8th century. 

(6) Rajendranath Ghosh in his work Sankara and 
Ramanuja, fixes 686 A.D. for Sankara’s birth, and D. R. 
Bandarkar fixes 680 A.D., both very near the date fixed. 

(7) K. T. Telang fixes 688 A.D., using the verse, 

qfectsr it 

This verse gives 642 Saka (720 A.D) as the date of 
Sankara’s abandoning his body among the Himalayas. 
(The verse is said to be taken from a work called 
Sankara-paddhati t as quoted by another work called 
Danana-prakasa dated 1638 A.D. The year should 
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actually be Pingala, and Raudra is three years off, a 
mistake caused through back-reckoning usually 
committed by South Indians, as already referred to). 

(8) To illustrate a point, Sankara says in his Bhasya, 
“ f? frnfsq^ri ^ qrzfanpr 

*T53ic^ I ” From the present tense used, we can under¬ 
stand that the three places mentioned were important and 
existed at Sankara’s time. Mathura is as well known now, 
as then, and Srughna is now the village Sughna near 
Mathura. But Pataliputra was destroyed by the floods of 
river sone by the middle of the 8th century and ceased to 
exist in later times, the city of Patna having been built 
near the old site of Pataliputra by Sher-shah in 1541 A.D. 
This shows that Sankara must have passed away by the 
end of the first quarter of the 8th century, agreeing with 
his date of birth 684 A.D. 

But various other scholars have given various other 
dates, at the end of the 8th century or the beginning of 
the 9th, taking into consideration various other factors, 
which they consider more trustworthy, 

(1) L. Rice in the Mysore Gazetteer, Vol J, p, 300 
suggests A.D. 745-769 for Sankara, Ido not know on 
what grounds. 

(2) J. F. Fleet, D. R. Bandarkar, Max-Muller, 
A. A. Macdonell, Buhler, M. Barth and Pathak give 
788 A.D. as the date of birth, as also Nagamiah, 
(Travancore State Manual, Vol. II, Ch. VIII, p. 99 )’ 
K. P. P. Menon {History of Kerala, Vol III. p 620),' 
W. Logan, {Malabar Manual, Vol I, pp. 155 ff. and* 
187 ff.). Their authority for this seems to be two 
chronograms. The first is a string of floating verses, 
source not known, discussed by Pathak, and reading as 
follows 
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(3889) i 

(? %ft) n 

qtest UcTarq; -stf^tr gfaw*nn n 

Ossis* ar^^if^qs^ (3921) gfrulsi: |) 

tha% qtarami 3 5i^c: tst^toui^ 11 

Here Sankara’s date of birth is given as Kali 3889 
(788 A.D.) and the date of his disappearance, Kali 3921 
(820 A.D.) The second is a verse from Sankara-manddra- 
saurabha : 

str^p m^t^TRfaqrrrqcqi 
rr^T^TrsBt^cfta^t^^rtTqFH (3889) 1 
famrftr g|S- 
faqn^Ffaft ?5Kat3 11 

(Both give the Jovian cycle year Vibhava, by back 
reckoning, while it should properly be Prabhava). 

(3) Shri (now late) K. R. Venkataraman, (Retired 
Director of Public Instruction, Pudukkottai), and Shri 
K. V. Venkataraman of Erode, have taken the planetary 
combination at Sankara’s birth given in the Madhanya- 
Sankara-vijaya and the Guruvamsa-kdvya (Sun in Aries, 
Jupiter in Cancer, Saturn in Libra and Mars in Capricorn) 
as factual instead of mere poetic fancy, and decide 
805 A.D. as the only year answering to the combination, 
during the 8th century or nearby, (also long ago fixed by 
Pichu Aiyer, Cochin State Astrologer). The verses are 

srrqr 

(Madhaviya., II. 71) 

epsft m fW nrfa <15 

graft | 

siP=iteTfiwJ»§ra 3%;r ^33 n 

( Guruvamsa,, II. 59) 
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(The second verse here adds the Moon also in Cancer, 
which excludes the asterism Ardra for Sankara). Shri 
K. V. Venkataraman adds for confirmation, a tradition 
in Kerala that a contemporary Kerala king, who was in 
danger of losing his kingdom, was established firmly on 
the throne, and peace and plenty came to the land by the 
blessings of Sankara, and, in gratitude, the king started 
the Kollam Era in 825 A.D. from the day he met Sankara. 
(But there is another tradition current among Kerala 
astronomers that there is an astronomical event connected 
with the starting of the Kollam Era). 

K. R. Venkataraman also mentions this, but places 
more credence on a tradition recorded in the Guruvamsa- 
kdvya, that a Kerala king named Rajasekhara (which is 
perhaps a surname of Bhaskara-Ravivarman of A.D. 
798-834, of the Kula§ekhara line, who is reputed to have 
composed three dramas), read out his dramas to Sankara 
for approval. Another evidence, most clinching in his 
view, is an inscription in Cambodia, belonging to the 
reign of Jayavarman II (A.D. 878-887) which mentions 
the royal preceptor Sivasoma, “who had learnt the 
Sastras from Bhagavan Sankara”, 

5fr!TSSft?nfH Sirettfat I 

(G. Coedes: Inscriptions de Cambodge, p. 40) 

But we think that this does not go against an earlier 
date for Sankara, since the term may refer to any later 
pontiff of the line, who are. called Sankaracaryas, as is 
the practice now. Anyhow, this sets the upper limit to 
Sankara’s age. The date 898 Samvat (841 A.D.) is given 
by Vacaspati Misra in his Nydyasudnibandha for its 
composition, 

srtenareTfafiraor 3^1^(898)^}; h 
47 
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He has written the commentary Bhdmati on Sankara’s 

Brahmasutrct-bhasya • Thus, this also sets the limit. 1 

__________ \ 

1. I have since seen the article “On the Date of Sankara- 
charya and allied problems 5 ' by K. Kunjunni Raja, Adyar 
Library Bulletin, Vol. XXIV, parts 3-4, fixing 'the second 
half of the 8th century A.D, It reinforces my main 
conclusion that Sankara’s date must be in the neighbour¬ 
hood of the 8th century A.D. That can fairly fix his place 
in the history of Hindu thought, though not exactly. As 
for exact determination, there are evidences for different 
dates, and we have to choose the most plausible, about 
which scholars will naturally differ. Nothing in this has 
made me change my opinion about what I have given in 
my thesis about the most plausible date. The extra 
evidence put forth, viz. that KamalalSila and Santarak?ita 
not being aware of Sankara is only negative, and is not 
sufficient to make me change my conclusion. 





A S t R ON O M Y 
I. A Brief Historical Sketch* 

The study of astronomy was pursued by the Chinese 
from very ancient times. Even from the third millennium 
B.C. we hear of professional astronomers in China, who 
enjoyed the patronage of the Chinese emperors and who 
brought the art of astronomical observation to a state of 
perfection surpassed only by the achievements of modern 
times. They discovered the sidereal periods of the sun, 
moon and the planets, and could predict their positions 
with tolerable accuracy. They discovered the metonic 
cycle and could even predict the occurrence of eclipses. 

The ancient Egyptians were highly interested in 
astronomy and this interest was partly due to their being 
‘astrolators.’ Plato says that they learnt their astronomy 
from the inhabitants of the submerged continent of 
Atlantis, believed by some to have been situated in and 
beyond the Sahara Desert position. 

The Babylonians, who occupied the valley of the 
Tigris-Euphrates, observed independently all that the 
Chinese had done, and not stopping with that, they 
reduced their knowledge to a system. The practice of 
dividing the zodiac into twelve signs comes from them 
and it is' supposed that they were the first people to give 
names for the days of the week. It was they who taught 
astronomy to the Greeks in the seventh and sixth 
centuries B.C. 

To the Greeks should be given the credit for subli¬ 
mating experience into theory and from their time begins 
the scientific study of the subject, however crude the 

* The Pudukotah College Magazine , 1933, pp. 141-45, 
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basis of that science might be. Aristarchus of Samofe 
who lived in the third century B.C. even attempted the 
determination of the distance of the sun from the earth 
by a method theoretically quite sound but having no 
practical value inasmuch as the errors of observation 
would be too many to yield any result in the neighbour¬ 
hood of accuracy. In spite of the fact that he found the 
distance of the sun from the earth to be twenty times the 
distance of the moon—which is only a twentieth of the 
real distance—his very attempt is noteworthy in the 
history of astronomy. (The Hindu Siddhanta belief was 
only 13 times). 

Next came Hipparchus who did more than anybody 
else in those days for astronomy. He computed the 
sidereal, tropical and synodic periods of the moon, the 
sun and the five planets, Mercury, Venus, Mars, Jupiter 
and Saturn. The value he found for the obliquity of the 
ecliptic was only five minutes in error of what it was 
then. He determined the moon’s horizontal parallax. 
He located the sun’s apogee, the position at which it is 
at its greatest distance from the earth. He discovered 
the phenomenon of precession by comparing the results 
of his observations with those of his predecessors, for 
which he gave the value of 36 seconds per annum, which 
is not very far from the true value when we consider the 
shortness of the period of authentic observation 
preceding him. He found with tolerable accuracy the 
values for the equation of the centre of the various 
heavenly bodies. He imagined with his contemporaries 
that uniform circular motion was the only form of 
perfect motion. He had to reconcile this idea with the 
apparent motion of the heavenly bodies, and discovered 
how their apparent motion can be represented by a series 
of eccentric circles; and this paved the way for the 
introduction of epicycles by his successors. 
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Ptolemy who came about 250 years after Hipparchus 
wrote the Almagest in which he placed the geocentric 
hypothesis on a firm footing; and the popularity of this 
work was responsible more than anything else for the lack 
of progress in astronomical science for several centuries 
to come. Those who came after him were either his 
expounders or his commentators. 

Meanwhile the Hindus were not behind hand in the 
pursuit of this branch of knowledge. If in other countries 
it was curiosity and the desire for knowledge for its own 
sake, coupled with its use for finding time and guiding 
ships at sea, that led to a study of this subject, in India 
there was the additional impetus of the need of this 
knowledge for fixing the dates of the Vedic ceremonies 
and sacrifices; and astronomy became one of the 
‘Vedangas.’ As there was cultural contact between the 
Greeks and the Hindus, there should certainly have been 
some give and take. But it is wrong to imagine, as some 
do, that the Hindus borrowed their science of astronomy 
from the Greeks. The Vedangajyotha, the earliest 
astronomical work we know of, bears no traces of such 
borrowings. The great scholar and historian, P. T. 
Srinivasa Iyengar, has pointed out in his essay, ‘Our 
Hellenic debt,’ that it was the science of astrology that 
we borrowed from the Greeks, as the list of the names 
of the Purvdcdryas or pioneers and the numerous 
technical terms found in our astrological works show. 


Among the Hindu astronomers, Aryabhata who lived 
at the end of the fifth century A.D. deserves special 
mention as one who gave the diurnal rotation of the 
earth as the explanation of the apparent diurnal rotation 
of the stellar sphere. He should have been a bold man 
to have said so, for almost everybody would have 
characterised it as being opposed to ‘reason.’ 
Varahamihira who came after him refuted it in his Works, 
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by an ingenious but fallacious reasoning based on an 
ignorance of the laws of kinematics; and so did others. - 

The Hindu astronomers had a knowledge of the 
theory of the lunar parallax, and by an application of 
that theory they found that the distance of the moon 
from us is about 65 times the radius of the earth. If this 
is the correct value in excess by 9 % it is not because 
their process of reasoning was faulty, but because theii 
value for the horizontal parallax of the mQon was 
erroneous, combined as it was with the effects of 
atmospheric refraction. Taking this result together with 
the geocentric hypothesis and their theory that the speed 
of the heavenly bodies in their orbits is constant, they 
tried to determine the distances of these bodies from the 
earth. Of course, the results were wrong, for the velocity 
is inversely as the root of the distance. If they had not 
been wedded to the geocentric hypothesis, they might 
easily have arrived at the correct values without having 
recourse to any physical laws; for the seeds of these 
values are embedded in the sighraparidhi of the inferior 
planets and madhyaparidhi of the superior planets 
given by them, and the problem is one of geometry. 

In general the method employed by the Hindus was 
superior to that of the Greeks, for they had a better 
grasp than the Greeks, of the mathematical ‘instruments’ 
like algebra, geometry and trigonometry. 

The ‘Ptolemaic’ system reigned supreme in the West 
for about fourteen centuries, and then came Copernicus, 
^n original thinker, who broke away from the trammels 
of the old system. He taught that the sun is the centre 
of the solar system and the earth with the five planets. 
Mercury, Venus, Mars, Jupiter and Saturn, moves 
round the sun while the moon moves round the earth. 
He did not advance any proof for his new hypothesis 
other than showing that the geometrical explanation of 
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the movements of the bodies would be simpler on this 
assumption, a smaller number of epicycles being sufficient 
to represent the movements. This simplicity itself may 
be taken as a proof, for all natural laws are characteristi¬ 
cally simple, and any explanation based on a large number 
of ad hoc hypotheses is viewed by scientists with 
suspicion. But the substantial proof based on the 
phenomenon of ‘aberration’ was a long time coming, and 
Copernicus could only add to what he said an appeal to 
the emotion of the people by saying how beautiful it 
would be to have the glorious sun as the centre of the 
solar system. , 

His theory met with a good deal of opposition, 
especially from the church. To save himself from the 
wrath of the church he declared that his theory was given 
only as a geometric devise for ease in computation. But 
slowly laymen as well as scientists began tacitly to 
recognise its truth. The telescope was invented, better 
astronomical instruments were made, and better observa¬ 
tions taken by Galileo etc. It was on the results of the 
careful observations of the astronomer, Tycho Brahe, 
that Kepler, his successor, based his famous laws of 
planetary motion. 

By an instinct which is the privilege of the genius 
Kepler perceived that if the theory of uniform circular 
motion was abandoned, matters would become extremely 
simple. By examining the values given by Tycho Brahe 
for the position of Mars at different times, and trying 
hypothesis after hypothesis, Kepler discovered and 
formulated his laws of planetary motion : 

, (1) The orbit of a planet round the sun is an eclipse 

with the sun at one of the foci. 

(2) Tue radius vector, i.e., the line joining the 
centres of the sun and the planet, sweeps equal areas in 
equal intervals of time, (It is interesting to note that he 
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arrived at this truth by a reasoning based on two wrong 
assumptions the effects of which fortunately cancelled 
each other). 

(3) The square of the periodic time of a planet is 
proportionate to the cube of its distance from the sun. 

Further advance was not possible in the then state of 
the science of dynamics, the laws of motion not having 
been clearly formulated as yet. Bold guesses were made 
that the gravity which manifests itself on the surface of 
the earth is responsible for retaining the moon in its 
orbit; and from the earth-moon system it was extended 
to the solar system. Some even guessed the ipverse 
square law of the variation of gravitational force; but it 
was left to Newton, one of the greatest scientists the 
world has produced, for formulating the law of gravita¬ 
tion and giving a formal proof of it from the motion of 
the heavenly bodies. 

Newton stated clearly the three laws of motion 
known after him; and, basing his reasoning on these laws, 
he investigated the import of Kepler’s Laws. He showed 
that if Kepler’s second and third laws must be true, as 
indeed they were, the gravitational force retaining the 
planets in their orbits must be directed towards the sun, 
and the gravitational force of the sun alone was 
responsible for this, no tangential force being necessary 
or admissible. He showed that if Kepler’s first law must 
be true, then the gravitational force should vary inversely 
as the square of the distance; for it is only the inverse 
square law that can make bodies describe conic sections 
with the attracting body at one of the foci, (and an 
ellipse is a conic section.) He formulated his Law of 
Gravitation: F = Kmm*/d a , where F is the gravitational 
force, m and m 1 , the masses of the attracting and the 
attracted bodies, d, the distance between them and K, 
£ Constant depending on the units chosen, 
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When he tried to verify this law with reference to 
the motion of the moon, his results were at first not 
satisfactory, for he did not know the correct radius of 
the earth, the received value of it being too small by 
12 per cent. Later on he heard of a fresh determination 
of the size of the earth made by Picard in Paris. He 
made the necessary corrections and found close agree¬ 
ment. Then and then only did he publish the results of 
his investigations. 

Prejudice dies hard even in the scientific world, and 
his opponents tried to disprove his Law of Gravitation 
by referring to the inequalities in the motion of the 
planets and the satellites, to the motion of the apsides 
and the nodes and to the phenomenon of precession of 
the equinoxes. Newton showed that the very existence 
of these is a proof of his law, and if they did not exist 
his law was not true. Slowly opposition died out, and 
the discovery of Neptune, whose existence in the very 
place it was found had been predicted from a study of 
the inequalities in the motion of Unanus, was a triumph 
for this Law. Astronomers who came after Newton 
showed this law to be universal and not merely restricted 
to the solar system. The method of investigation was 
perfected by the use of calculus and other branches 
of higher mathematics, and every observed inequality, 
except one or two, was tallied with the results of 
theoretical investigation with complete success. 

But there were two disconcerting factors about this 
law which annoyed the scientists not a little. However 
much they tried they could not explain the residue of 
about 42 seconds a century in the angular motion of the 
apsides of Mercury. Secondly, while all other known 
phenomena of nature admitted of a mechanical explana¬ 
tion, the Law of Gravitation did not admit of such an 
explanation without necessitating the inadmissible 
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assumption of ‘action at a distance;’ and it remained an 
isolated fact. 

It was left to A. Einstein to prove, on the strength of 
his ‘Principle of Equivalence’ and the postulates of the 
Theory of Relativity, that gravitation itself may be 
dispensed with and the complicated motion of the 
heavenly bodies may be due to their inertia and the 
curved nature of the ‘space-time continuum’ in the 
neighbourhood of matter. 

From the above we should not conclude that Newton 
was superseded by Einstein and that his Law of Gravita- 
, tion is of no use. The results obtained by an application 
of the law are still a very close approximation to the 
truth. Relativity giving us the additional security of a 
knowledge of the limits of error; and, in the words of 
J. Rice, Einstein stands on the shoulders of the greatest 
man of science ever born. 
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On a clear moonless night every one of us has looked 
up at the stars and wondered what they are. Excepting 
a few that are called planets, (literally ‘wanderers’), we 
see they occupy the same relative positions, so much so 
that we even fancy they form unchanging pictures of 
animals like the ram, the bull, the crab, the lion, the 
dog, the scorpion etc., and we name the groups according 
to the likeness they recall. We also know the stars by 
their peculiar twinkle—though this is not a sure way of 
distinguishing a star from a planet because some planets 
twinkle when they are near the horizon. The stars are 
small dots, we think, and the use of the most powerful 
telescope still shows them as mere points. 

But really they are huge bodies about the great size 
of which we can talk but cannot form any idea. Most of 
them are as big as our sun—indeed they are suns—and 
many, bigger. But how big is the sun ? It will take an 
express train, travelling sixty miles an hour day and 
night, seventeen days to go once round the earth along 
the equator. Such is the size of the earth. But a million 
earths can be packed into the sun, fancy that! And 
many stars are vastly bigger than even the sun. Some 
are so great in size that the whole orbit of the earth 
round the sun can be placed into them, an orbit whose 
radius is 93 million miles. 

Like the sun too the stars emit their own light and 
heat and are called ‘self luminous.’ If we do not get any 
appreciable quantity of light or heat from them, their 
distance is responsible for that; for some of them are so 

* The Pudukkottah College Magazine, 1934, pp. 94-95; 1935, 
pp. 148-51. 
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intensely hot that if they are placed at the distance the 
sun is from us, the whole of the earth will be evaporated 
away in a trice. Thank God, they are so far away. 

The nearest star is at a distance of 25,500,000,000,000 
miles, again something meaningless. Let us try to 
understand this. Vast as the size of the earth is, the 
speed of light is so great that it can travel more than 
seven times round the earth in a second. Travelling at 
this rate it takes about eight minutes for the light of the 
sun to reach us. That means if the sun goes out at this 
moment—which God forbid—we shall continue to see 
the sun for eight minutes more and then alone see 
it disappear. Now, it takes light about four years 
(=4x365x3x60 eight-minutes) to reach us from the 
nearest star; which means it is at a distance of about 270 
thousand times the distance of the sun. There are stars 
whose light reaches us after travelling for several 
hundred years through space. Though we think we see 
them as they are now, we only see them as they were 
when the light started from them, i.e. as they were 
several hundred years ago- If at this moment we 
transport ourselves to a star at a distance of 2500 light 
years from us, (i.e. a distance which light travels in 2500 
years) and if we provide ourselves with some means of 
observing what goes on, say in India, from there, we 
can see India at it was at the time of the Buddha; and if 
we continue the observation for 2500 years we can ‘see’ 
the complete History of India from the time of the 
Buddha. 

Situated at these inconceivably great distances, it is 
no wonder they look like mere pin-heads, with all their 
heat and light reduced to a glow-worm’s twinkle. Jt is 
their distance also that makes us think they are fixed. 
They are no more fixed than we are, or the earth or the 
moon is. Many of them are moving about at a rate of 
several miles per second, but yet we see them fixed, they 
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Sire so far away. If they are observed at intervals of 
several years with the help of accurate measuring 
instruments we can see that they change their positions 
relative to one another. Even if they have not done so, 
we cannot be sure they are motionless, for they may be 
moving along the line of sight. There are ways of 
measuring even this kind of motion by the application of 
what is known as the ‘Doppler’s principle,’ which is the 
same in its nature as the sudden fall in the pitch of the 
sound of the horn as the railway engine passes us. 
Scientists have measured the rate of the ‘proper’ motion 
of the stars as this is called, and given us the results for 
several stars. Even the sun, which we know is fixed with 
relation to the planets has been discovered to be moving 
at the rate of thirteen miles per second towards the star 
Vega with all its family of planets and moons. 

It is known that the stars are not fixed though they 
appear to be so, that they have their own or ‘proper’ 
motion and that the rate of the proper motion has been 
calculated for several stars. This calculation is possible 
when their distances are known. Astronomers have 
found out the distances of several stars and given them 
in so many millions of miles or in so many radii of the 
earth’s orbit round the sun (this is the most natural unit, 
as we shall see presently) or in so many light-years. 

The method is easy. Thus, to find the height of 
a tower, or its distance from where you are, without 
going to the tower or climbing it, the following is 
the familiar method“A man finds the angle of 
elevation of the top of a tower to be 30°. Walking a 
hundred yards towards the tower on level ground, he 
finds the angle of elevation 60°. To find the height of the 
tower and its distance from the first place of observa- 
tion.” You draw a horizontal line, take a point on 
it and draw a straight line through it making an angle of 
30°. You know the top of the tower is somewhere on 
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that line. Then you say to yourself. “Let me represent 
the hundred yards by 4 inches on the plan” and write 
“scale: 1"=25 yards.” You mark a point at a distance 
of 4" from the original point on the side where the tower 
is. Through that point you draw a straight line making 
an angle of 60° on the side of the tower. You know the 
top of the tower is on this line too. As it is on both the 
30° line and the 60° line, it must be at the point of their 
intersection. From this point you drop a perpendicular 
on to the horizontal line. That is the tower. You measure 
the length of the perpendicular and find it to be 3.464 
inches which is the equivalent on the plan of 3.464 x 25 = 
86.6 yards. The length from the first point to the foot of 
the perpendicular represents the distance required, which 
you find to be 150 yards. 

You see it is possible now. Not only so, this is the 
only method available for measuring the heights of 
inaccessible peaks like the Everest; for the barometer or 
the hypsometer can be used only when we can get at the 
places of which we want to find the heights. As the 
method is capable of very great accuracy, it is used even 
in accessible places. For instance, countries have been 
surveyed for purposes of map-making not by going about 
dragging a chain all along, but by measuring a certain 
distance called ‘the base line’ with great accuracy and 
then measuring angles alone. This is known as the 
Great Trigonometrical Survey. 

By observing the sun from 
two places on the earth its 
distance can be found out. It 
is 93 million miles which is the 
radius of the orbit of the earth 
round the sun. To find the 
distance of a star, the star, S, 
is observed and its position 
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accurately found out with the help of a telescope when 
the earth is, say, at E t (see figure 1). After about six 
months the earth is at E a , the other end of the diameter. 
From there the same star is observed again and its 
position found out. Ej S and E a S are the lines of sight. 
The star must be at their point of intersection; and as 
the diameter E x E a is known to be 2x39 million miles 
(The radius = 93 million miles) the distance of the star 
can be calculated. We see here that the diameter of the 
earth’s orbit which is the same thing as saying the radius 
(=|d) is the natural unit in which the distance of a star 
is measured; and even if the length of the radius is not 
known, there is nothing to prevent us from finding out 
the distance of the star in terms of the radius. 


Once the distance is known, it is easy to find the 
velocity of the star. Look at fig. 2. A star is observed, 
say, when it is at A. After some years the same star is 
observed to be at B. The point from which these observa¬ 
tions are made is C. (C may be moving, but we can allow 
for that and assume it to be stationary.) Angle C 
is measured. C A, the distance, is already known. 
If A B, the distance travelled by the star during 
the interval, is known, the velocity can be found 
by dividing it by the interval. The motion 
along A B can be ‘resolved’ into a motion along 
A D, perpendicular to the line of sight and a 
motion along D B along the line of sight. Angle 
C is small and is measured in seconds of arc. 



Fig 2- 


CA x^C 

say, (3,600 seconds =1 degree). The AD = 206—265* 

The next step is to find D B, the motion along the 
line of sight. It can be found out, as stated, by 
using the ‘Doppler’s principle.’ Let us try to understand 
how this can be done. We arc standing near a railway¬ 
line and a railway-engine is whistling past us. The sound 
of its whistle has a constant pitch. But as the engine 
approaches us, more waves of sound reach our ear than 
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when the engine is stationary. So the frequency of the 
sound is increased and the pitch is apparently heigh¬ 
tened. When the engine is moving away from us the 
number of vibrations per second decreases and there is 
an apparent lowering of the pitch. Now, if we can 
measure by exactly what amount the pitch has changed, 
we can find the speed of the engine. If this method is 
not used for finding the speed, it is because other easier 
and more exact methods are available. But in the case 
of the star this is very useful. The increase or the 
decrease from the normal of the frequency of a particular 
kind of radiation can be measured with the help of 
an instrument called ‘Spectrometer,’ and from the 
amount, the velocity along the line of sight calculated. 
From A D and D B, A B can be found, for D is a right 
angle (practically) and A B 2 =A D 2 +D B 2 . 

From the distance also we can find the mass 
of the star, if it happens to be a real double star. 
These double stars revolve about their common 
centre of mass. The distance of the bodies from 
the centre of mass can be calculated from their 
known distance from us; and the period of revolu¬ 
tion observed. Then their combined mass can be 

d 3 

found out by using the formula, K (M x + M 3 )=- 7 p- 

where M x and M a are the masses, d is the distance from 
the centre of mass, T is the period and K is a constant 
depending on the units chosen. If the radius of the 
earth is chosen as the unit of distance, a year as the unit 
of time and the mass of the earth as the unit of mass, 

K = 33 Q QOQ and the formula can be written in the form, 

, J 330,000d 3 _ ....... 

Mi + = —ja ~. Then the individual masses can 

be calculated from their distances from the centre of 
mass. 
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There are two things in the Universe, matter and 
radiation. Gamma rays, x-rays, ultraviolet rays, light 
rays, infra-red rays, heat rays and wireless rays are all 
radiation. Alpha rays, beta rays, cathode rays and the 
93 elements with their aggregates are all matter. 

What is the distinction between matter and radia¬ 
tion? It was once believed by scientists that matter 
consisted of particles, and radiation of waves. It is now 
known that matter too behaves like waves and produces 
effects like diffraction and interference, characteristic of 
waves. Radiation, which has long been known to 
behave like waves, also behaves like discrete particles 
(photons). The possession or the non-possession of 
mass cannot be a distinguishing feature, for both matter 
and radiation have mass. But there is one thing by 
which we can easily distinguish matter from radiation. 
While matter can never acquire the velocity of light, 
radiation has always the velocity of light. 1 

All substances are composed of matter. The 
ultimate constituents of substances as such, are called 
molecules. They are the smallest particles of a substance, 
having the properties of the substance. For example, 
the water molecule is the smallest particle of water 

* Pudukkoitah College Magazine, 1936, pp. 13 fif. 

1. We owe this to the Theory of Relativity. According to 
that theory the equation for the mass of a body in motion, i.e. for 

the measure of the inertia of the body is m/( 1— —J 2 ’ where m is 

the mass of the body at rest, v is the velocity of the body and c is 
the velocity of light. The equation shows that as v approaches the 
velocity of light, m tends to infinity. Therefore no amount of 
force can accelerate the body so much as to give it the velocity of 
light. 
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having the properties of water. It is possible to break 
the molecule still further; but we no longer get particles 
having the properties of water, we get two particles of 
hydrogen and one of oxygen, quite different substances 
from water. 

In general, molecules are built up of such smaller 
particles. They are called ‘atoms,’ which means, 
‘indivisible’, for it was believed the atoms could not be 
broken. 92 different kinds of atoms are known to us at 
present, and at least one awaits discovery. Each of these 
represents an element and 92 elements are known to us 
at present. 3 

Are the atoms indivisible, as they were believed to 
be? Are they the ultimate building bricks of the 
universe? Some fifty years ago scientists put this 
question to themselves. They felt that the atoms could 
not be the ultimate particles. 93 is too large a number, 
in comparison with nature’s simplicity. Further, a host 
of fundamental phenomena like the emission and 
absorption of light, the electrical and magnetic properties 
of matter, chemical affinity, valency etc. cannot be 
explained if the atoms are the ultimate particles; for the 
things to be explained are extremely complex, while the 
atoms can differ from one another only in their masses, 
sizes and elastic properties. 

Investigation into the electrical properties of rarefied 
gases led to the discovery that very small particles in the 
atom are responsible for the conduction of electricity 
through matter. These were found to be particles of 
negative electricity and were named electrons. We now 
see that the atoms are made up of still smaller particles. 

2. Till recently it was believed that there were only 92 
elements. Ferni an Italian scientist discovered element No. 93 about 
two years back. No. 85 awaits discovery. 
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The electrons all carry the same amount of electric 
charge, 4.8xlO- 10 electrostatic units. On account of 
their charge, they can be attracted and repulsed by 
electric and magnetic forces. By subjecting a stream of 
electrons to these forces we can find the mass, the 
velocity and (indirectly) the radius of the electrons. All 
electrons have the same mas, 9X10~ 28 grams, and the 
same size, a sphere of radius 10 -18 cm. 

The electron is only one sort of the building-bricks 
of the universe. Why one sort? Why should not the 
whole atom be built up of electrons ? That cannot be, 
for various reasons. The atom as a whole is electrically 
neutral, i.e. it is neither attracted nor repulsed by electric 
and magnetic forces. So, as the electron has a negative 
charge of electricity, there must be in the atom some 
other particle or particles having an equal positive charge 
to neutralize the negative charge. Secondly, as the mass 
of the electron is only a very small fraction of the mass 
of the whole atom, and as no atom contains more than 
93 electrons, there must be something in the atom in 
which almost all the mass is concentrated. 

This something is known as the nucleus. It forms 
the core of the atom. It too has been found to be a 
composite structure. The nucleus of the radium atom 
explodes spontaneously and shoots out helium ions. It 
can also be broken up by artificial means. From these 
it has been found that the nucleus is built up of particles 
called protons and neutrons. They are similar to the 
electrons in shape and size. But they are far heavier. 
Each proton and neutron has about 1840 times the mass 
of the electron. The proton carries a positive electric 
charge equal in quantity to the charge of the electron. 
It can be called a particle of the positive electricity. The 
neutron is electrically neutral, hence the name. It is 
now believed that these three kinds of particles, the 
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electron, the proton and neutron are the bricks out of 
which all the matter in the universe is built up. 3 

We shall now see how the different kinds of atoms 
are built up. Let us take them one by one in the order 
in which they occur in the Periodic Table of the 


@ Neutron 
@ Proton 
@ Electron 

Fig. 1. Hydrogen atom. Fig. 2. Helium atom. 

elements. The simplest is the hydrogen atom, Fig. 1. 
It has a nucleus of one proton. To neutralize its single 
positive charge it has one electron moving round it. The 
next element is helium. Fig. 2. It has two electrons 
revolving round its nucleus. So it must have two 
protons in the nucleus to neutralize the charges. But 
the two protons can give the atom only an atomic 
weight 2. The atomic weight of helium is 4. So there must 
be 2 neutrons in the nucleus. Thus the nucleus has the 
positive charge 2, and the weight 4. The next element 
has 3 electrons revolving round the nucleus. So its 
nucleus contains 3 protons which can give it an atomic 
weight 3. The rest of the atomic weight is supplied by 
the neutrons. We find each successive element in the 
Periodic Table has one electron and one proton more 
than the previous one. If we take the N th element, and 
if its atomic weight is Z, we see it has N electrons 
revolving round a nucleus containing N protons and 
(Z—N) neutrons. The number of protons (or electrons) 
each atom has is the atomic number. The atomic 

3 Two other particles, the positron and neutrions are said to 
exist. The former has been discovered and the latter has been 
postulated to explain certain facts. Particles known as mesotrons, 
several times heavier than the electrons, are said to exist in the 
cosmic rays. 
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number of the elements increases one by one in the 
order of their arrangement in the Periodic Table. As the 
arrangement is according to the chemical and other 
properties of the elements, we see at once that the 
atomic number is the fundamental thing and the outer 
electrons may in some way be responsible for the chemi¬ 
cal behaviour of the elements. 

There was a time when scientists thought that the 
atomic weights were fundamental, on account of the 
almost perfect agreement between the arrangement 
according to the atomic weights and that the Periodic 
Table. So they were disconcerted when they found 
disagreement in the case of Argon, Cobalt, Iodine and 
Thorium. They have now found out that the atomic 
weights do not matter and it is the atomic numbers 
that count. 

What is it that binds the electrons to the nucleus 
and makes them revolve round it in orbits ? The 
electrons possessing negative charges are attracted by 
the protons in the nucleus, having positive charges. It 
is this attraction that keeps them in their orbits. 4 

There is a close and striking similarity between the 
atom and the solar system. The atom is a miniature 
model of the solar system. In the place of the sun is 
nucleus. In the place of the planets are the electrons 
which revolve round the nucleus in orbits as the planets 
revolve round the sun. The only difference is the nature 
of the forces keeping the planets on the one hand and 
the electrons on the other, in their orbits. The one is 
gravitational and the other, electrical. 

4 It may be thought that the gravitational attraction between 
the electrons and the nucleus is the force keeping the electrons in 
their orbits. But the gravitational force is nothing when compared 
with the electrical force which is 2.3x10 s9 times as great as the 
gravitational force. 
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In another respect also there is similarity. The solar 
system is practically empty of matter when we consider 
its size, the planets forming a few particles of dust, and 
the sun, a small pellet of stone, on a vast field. It is so 
with the atom. Let us picture the atom which has a 
radius of 10 -8 cm, as a football. The electrons, protons 
and neutrons having a radius of the order of 10 -13 cm 
would each be a thousandth of a millimetre across; and 
there are not more than about 330 of these invisible specks 
even in the densest atom. All but a millionth of a milli¬ 
onth of the whole space occupied by the atom is empty. 
If all the matter composing the body of thousand men 
is collected together, it would not be sufficient to fill a 
mustard seed. How small we are ! Yet how great, 
being able to comprehend the whole universe ! 
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Introduction 

Newton was the formulator of the Law of Gravi¬ 
tation, on which is based the edifice of modern 
astronomy. That we may have a better appreciation of 
his genius we shall examine the work of his immediate 
predecessors, Tycho Brahe and Kepler; and that we 
might grasp the true import of his discovery, we shall 
examine the uses this law is put to and also how far 
Einstein’s Theory of Relativity affects the importance 
of the law. 

Tycho Brahe was a Danish mathematician and astro¬ 
nomer of the time of Queen Elizabeth. He came after 
Copernicus who was the first man in Europe after the 
Greeks to assert that the sun is the centre of the Solar 
System and that the planets revolve round it, with the 
satellites moving round them. But Tycho did not accept 
what all he said. He propounded, instead, that the 
earth was fixed and the sun, with the other planets 
going round it, revolved round the earth. This is 
known as the Tychonian System. 

His services to astronomy consist chiefly in his 
accurate observations of the positions of the stars and 
the planets, made with the telescope just coming into 
use. But for his observations, Kepler, who was his 
assistant for sometime and who succeeded him in the 
field of astronomy, could not have formulated his laws 
governing the movements of planets. Kepler used his 
observations of Mars for his purpose, for the orbit of 
Mars has the greatest ellipticity next to that of Mercury, 
which itself could not be used owing to observational 
difficulties. 

* From Pudukottah Raja’s College Magazine, 1938, pp. 19-24, 


57 1 HjdxrLtmlcjaL 



392 


COLLECTED PAPERS 


As we have seen, Kepler was a junior contemporary 
of Tycho Brahe and was his assistant for some time. 
After Tycho’s death he succeeded him as Royal Astro¬ 
nomer to the German Emperor and completed his work, 
the construction of a set of astronomical tables. Before 
his time the calculation of the position of a planet was a 
very difficult affair. It was thought that perfect motion 
meant moving in circles and astronomers believed, on 
metaphysical grounds, that heavenly bodies must have 
this kind of motion alone. As their theory did not agree 
with actual observation they said that the bodies moved 
in circles the centres of which moved on the circumfe¬ 
rence of their circles, the centres of which moved on the 
circumference of still other circles and so on. The 
explanation is ingenious, and the beauty of it is that it 
can yield the desired result. In its nature it is only a 
geometrical representation of the development of a 
function in series. But in the case of planets with orbits 
of great eccentricity a very large number of these circles 
will be required, which will render the calculations 
laborious. 

Kepler felt—herein lies his genius—that nature’s 
ways are not so involved and elaborate as this* Nature’s 
laws are characteristically simple, and he wanted to 
simplify the theory of planetary motion. He tried 
hypothesis after hypothesis and at last arrived at the 
truth that the orbits of planets are ellipses with the sun 
at one of the foci. Of course, the ellipse includes the 
circle as a particular case, the case where the eccentri¬ 
city is zero. Next he discovered that the radius vector, 
i.e., the straight line joining the sun and the planet 
sweeps equal areas in equal time. Long after he dis¬ 
covered this law he discovered his third law that the 
square of the periodic time of the planet’s revolution 
round the sun is proportionate to the cube of its distance 
from the sun. 
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Newton’s Work 

Kepler arrived at these laws empirically, and inciden¬ 
tally they proved true. He did not know the why of them. 
It was left for Newton to formulate the Law of Gravita¬ 
tion, and demonstrate mathematically that Kepler’s 
Laws are a result of the Law of Gravitation, and as 
such, a proof of the law. Not that people did not know 
anything of gravitation before Newton. For the matter 
of that, from very aneient times people have explained 
the falling of bodies towards the earth as being due to 
the pull of the earth on the bodies. Bhaskaracharya, 
the famous Indian astronomer, in discussing how the 
earth stands poised in space, says that the earth pulls 
bodies on its surface, that ‘towards the earth’ is 'down’ 
and therefore the question why the earth does not fall 
down is meaningless. Kepler had a vague idea that 
gravitation is responsible for maintaining the planets in 
their orbits and making them follow his three laws. But 
he did not know what exactly was the amount the effects 
which he supposed must be attributed to it. Some had 
even surmised, before Newton’s days, that gravitation 
varies inversely as the sqare of the distance. A friend of 
Newton’s, Halley, actually proposed to him the problem, 
how a body moving round another under the influence 
of the inverse square law would behave. Newton had 
already solved the problem and was ready with the 
answer: the moving body would describe an ellipse, a 
parabola or a hyperbola relative to the central body 
which itself would be at a focus. 

Newton’s contribution to science in this connection 
is the exact statement of the Law of Gravitation, first 
with reference to the pull of the earth and afterwards 
generalised to include all matter. Some of his prede¬ 
cessors had guessed that the moon is kept in its orbit by 
gravity which is the same in its nature as the gravity 
acting on the surface of the earth. But they did not 
50 
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care to verify if it was so; they were not sure of their 
ground. Newton saw that without being sure of the 
laws of motion these astronomical problems could not 
be solved with any degree of certainty. Some spade 
work had been done in this direction by Galileo. 
Newton continued his work and clearly stated his three 
laws of motion, familiar to every student of science. 
Then, on the supposition that the acceleration due to 
gravity varies inversely as the square of the distance, he 
proceeded to verify if the moon is kept in its orbit by the 
pull of the earth. He knew the amount of the pull on the 
surface of the earth, 32 feet per second per second. He 
knew the distance of the moon from the earth in terms 
of the radius of the earth (the radius of the earth is the 
natural unit in measuring the distance of the moon). At 
first he did not know the correct value of the radius of 
the earth, the accepted value being in error by 12%. 
This gave an error proportionate to this in the result. 
Any other man but Newton would have been baffled at 
this and discarded the thing as hopeless. But Newton 
felt that there might be an error in the value of the radius 
of the earth. Happily for him, a fresh determination of 
the radius was being made in France, and when the 
result reached him he tried a fresh verification with 
complete success. 

The next step was to extend the law to the Solar 
System as a whole. Here the sun is the attracting body 
and the planets are the bodies whose motions are to be 
investigated. By a process of pure mathematical reason¬ 
ing he arrived at the conclusions arrived at empirically 
by Kepler. Thus he supplied the why of Kepler’s Laws. 
He showed that if there is no other force acting on a 
planet except the central force due to the attraction of 
the sun, Kepler’s second law must hold good, whatever 
be the nature of the central force. The second law is, as 
stated earlier, that the radius vector sweeps equal areas 
in equal time. Provided the body is accelerated only 
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towards the sun, never mind whether the acceleration is 
inversely proportionate or directly proportionate or 
anything else, it must sweep equal areas in equal time. 

The first law of Kepler, as we have stated, is: ( a ) that 
the orbit is an ellipse, and ( b) that the sun is at one 
of the foci. Newton showed that elliptical orbits can be 
described under two kinds of forces, a force proportio¬ 
nate to the distance, and a force inversely proportionate 
to square of the distance. But if the attracting body is 
to be at one focus, the force must be inversely proportio¬ 
nate to the square of the distance. Thus the first law 
of Kepler is a proof, by verification, of the law of 
gravitation formulated by Newton. 

What is the significance of Kepler’s third law, viz., 
the square of the periodic time is proportionate to the 
cube of the distance ? Newton theoretically arrived at 
the following result: T a = 47T a d*/jW. If as Kepler states 
T a °cd s , 47rV/M must be a constant. 47T a is obviously, a 
constant, and is the mass of the attracting body 
multiplied by the gravitational constant (if we neglect 
the mass of the attracted body, as we can do in the case 
of the planets). If this is also to be a constant, the 
attracting body must be the same for all planets, as 
indeed it is, viz., the sun. Thus Newton showed that 
the Third Law of Kepler is a proof that the sun is the 
parent, as it were, of the planets revolving round it. 

If the Law of Gravitation holds good in the earthi- 
moon system and in the Solar System, there is no reason 
why it should not be true beyond the Solar System, in 
the region of the stars. Better telescopes were required 
before this could be verified and Newton could not do it 
with the crude telescopes (crude in comparison with the 
modern telescopes) of his days. Later on double stars 
were discovered which revolve round each other obeying 
Newton’s Law of Gravitation. Thus the law has been. 


57 1 HjdxrLtmlcjaL 



COLLECTED EaPERS 


396 

found to be universally true and it can be stated as 
followsEvery particle of matter attracts every other 
particle with a force proportionate to the product of the 
particles and inversely proportionate to the square of 
their distance from each other [F=Gm! m 2 /d 3 l. Newton 
thus laid the foundations of modern astronomy. 

Prejudiced and jealous scientists of Newton’s days 
tried their best to disprove the law. They pointed to 
the inequalities in the motion of the moon and said they 
should not exist if the law was true. Newton said that 
his law required the existence of the inequalities. They 
would not exist if there were only two bodies, the 
attracting and the attracted. But there is a host of other 
bodies, besides, which must affect the body in motion, 
however small the effect is. Newton actually worked out 
the major inequalities in the motion of the moon called 
‘evection’ and ‘variation’. Gradually. all opposition 
died out and the law was recognised by one and all. 

The Law of Gravitation in use 

A triumph for this law was soon to follow. The 
planet Uranus was discovered and the elements of its 
orbits were calculated. From these elements and from 
the equations for the preturbations of the planet by others 
the future positions of the planet were calculated. It 
was seen to occupy a position slightly different from the 
predicted position. Either the law has failed or there is 
some other planet not discovered yet, disturbing the 
planet. Astronomers calculated where the new planet 
must be found if it existed. Powerful telescopes were 
directed towards that spot in the heavens, and lo ! there 
it was, hitherto mistaken for a star; it was christened 
Neptune. The discovery of the planet Pluto later was 
another triumph for the law. 

The Law of Gravitation has enabled scientists to 
determine the mass of the earth. The pull of the earth 
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On a known mass is compared with the pull of another 
known mass on the first mass and as the pulls are in 
proportion to the masses, the earth’s mass can be found 
out. It is about 6 x 10 al tons. From that the mean 
density of the earth is calculated to 5.5 grams per c.c. 

The determination of the exact shape of the earth 
has been made by using this law. The equation for the 
time of oscillation of a pendulum is t a =7T a 1/g, where t is a 
half-vibration period, 1 is the length of the pendulum and 
g is the acceleration due to gravity at the place. Fixing 
1, we find t 3 varies inversely as g, and by measuring t we 
can find the acceleration at the place. The acceleration 
will give the distance of the place from the centre of the 
earth. Many such determinations will give the shape 
of the earth. 

By using the law we can theoretically determine 
whether there can be an atmosphere on the moon (of 
any other body). There is a critical velocity connected 
with every body, exceeding which an object on the 
body will leave it altogether overcoming the gravitational 
pull of the body. It is given roughly by the equation 

v=7\/“-, where v is in miles, m is the mass of the body 
(taking the earth’s mass as unity) and r is the radius 
of the body (taking the earth’s radius as unity). For 
the earth it is about 7 miles. For the moon it is 
7vVr^l= 1.5 miles, roughly. Now, the Kinetic Theory 
of Gases says that all gases consist of molecules moving 
about at speeds depending on the molecular weight of 
the gas and the temperature. At the temperature that 
obtains on the moon, all gas molecules must exceed the 
critical velocity of 1.5 miles and fly off into space. 

Conclusion 

After the advent of the Theory of Relativity there is 
a tendency among some people to minimise the signi- 
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ficance of Newton’s work. The Theory of Relativity has 
shown that Newton’s Law of Gravitation is only an 
approximation to the truth. But the approximation is 
so close that Newton’s Law suffices for all purposes of 
astronomy. Colossal as the masses of the astronomical 
bodies are; the closer formula of Einstein gives practi¬ 
cally no measurable difference. It is only in the case of 
the motion of the apsides of Mercury that an accumu¬ 
lated difference of 42" per century is detectable. Also, 
Newton’s Law is simple in form and easy to apply. 
Thirdly, but for Newton Einstein cannot have propoun¬ 
ded and verified in a determinate manner the Theory of 
Relativity at all, for Newton’s work is a necessary step 
towards the progress achieved by Einstein. The very 
solution of Einstein’s gravitational equation is effected 
by taking Newton’s equation as a first approximation. 

We can compare Newton with Euclid in this respect. 
Geometries rival to Euclid’s have sprung up, the 
Hyperbolic Geometry of Johann Balyai and Lobats- 
chewsky and the Elliptic Geometry of Riemann and 
Hilbert. It is also probable that the geometry of our 
space is elliptic. But does it mean we can discard 
Euclid’s geometry ? The geometry of Euclid suffices for 
practical purposes. It has the advantage of being 
simple; simple in its nature as a particular case of those 
geometries, and also because of our mental habits and 
the kind of intuition we have of space —flat. Euclid will 
live, as also Newton. 
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*THE EVOLUTION OF THE UNIVERSE 
ACCORDING TO SIR JAMES JEANS** 

Before seeing how the universe has been evolved, 
we shall understand what constitutes the universe. The 
primitive man thought that his immediate surroundings 
with the things in them formed the universe. Gradually, 
as his sphere of activity increased and knowledge 
expanded, the Earth came to be supposed the centre and 
the most substantial part of the universe. The Earth, 
with the celestial sphere just reaohing beyond it on all 
sides with the Sun, the Moon, the planets and the stars 
fixed on to the sphere, was thought to be the entire 
universe. 

As knowledge increased man learnt that the earth is 
only one of the many planets moving round the sun. 
First there is Mercury (Budha) nearest to the sun, at a 
distance of 36 million miles. It is about a sixteenth of 
the size of the earth. Next comes Venus (Sukra) at a 
distance of 67 million miles from the sun. It is almost 
the same size as the Earth. Next to Venus comes the 
Earth, which is at a distance of 93 million miles from 
the sun. Its radius is about 4,000 miles and mass, 
about 7 X 10 al tons. It has one satellite, the Moon. 
Beyond the Earth is Mars (Kuja) at a distance of 
142 million miles. It is small, compared with the Earth, 
being about a seventh in size. But it has two moons. 
Beyond the orbit of Mars a vast number of bodies, only 
a few miles in diameter, called the asteroids, move 
round the Sun. Next comes Jupiter, (Guru) the Giant 

* Pudukkottah Raja's College Magazine, 1940, pp. 4-7. 

** A new theory has been propounded now after exposing the 
draw backs in this theory, and the new theory is now generally 
accepted. . 
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Planet. It is the biggest planet and can contain more 
than a thousand Earths. It has 9 moons. Its distance is 
483 million miles, more than five times that of the Earth. 
Next there is Saturn (Sani) almost the size of Jupiter, at 
a distance of 886 million miles. It too has nine moons. 
It has a beautiful belt of ‘rings,’ really small stones close 
together moving round in a belt. Next comes Uranus 
and Neptune, of size about 60 times and distance about 
19 and 30 times that of the Earth. Uranus has 4 moons 
and Neptune, one. About ten years back a new planet 
was discovered to which the name Pluto was given. It 
is at a distance of 40 times that of the Earth and has a 
period of revolution of 250 years. Besides these planets 
there are a large number of comets and swarms of 
meteors, many of them mere pieces of stones, moving 
round the Sun. The Sun is the parent, as it were, of all 
the planets and the grand-parent of the satellites. All 
these constitute the Solar system. 

Yet the Sun is only one of the millions of stars that 
form the star-city—a galaxy as it is called—to which we 
belong. The number of stars in our galaxy is a little 
over a hundred thousand million. This is the approxi¬ 
mate number of stars in each galaxy. From this we 
should not think that the galaxy is crowded. Even the 
Solar system is practically empty of matter when we 
consider its size, the planets forming a few particles of 
dust, and the Sun a small pellet of stone, on a vast field. 
The galaxy is emptier still. It takes 8 minutes for light 
to reach us from the Sun, but 4 years to reach us from 
the nearest star. If this gives the mean distance between 
star and star, we can have an idea of the emptiness 
of a star-city, in spite of its hundred thousand 
million stars. Such great emptiness can be compared 
only with the emptiness of what we call matter, 
which, a great physicist says, is all holes with nothing 
between. 
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If we leave our star-city extending over a space 
of two hundred thousand light-years (a light-year is the 
distance which light travels in one year), we must travel 
four times the extent of our city to reach the nearest 
star-city; and there are millions of star-cities in the 
universe. This does not mean they are infinite in 
number. Space, which is co-extensive with the universe, 
is finite. There is no meaning for scientists to ask what 
is beyond, for the question does not arise. [If we think 
it is infinite, we have erred in our judgement, as the 
primitive man erred in his judgement as regards the 
shape of the Earth and conceived it flat. Experience 
only tells us that space must be unbounded, and the 
assumption that it is also infinite is unwarranted. 
Infinitude belongs to measure relations, while unboun¬ 
dedness belongs to extent relations; and experience 
confirms the latter and not the former.] Tha radius of 
the universe (space) is 10 ,s times the radius of the 
Earths’ orbit. 

We shall try to picture the universe. If the Earth 
represents the universe, the towns on the Earth may 
represent the star-cities. The stars that are the citizens 
of these star-cities are the size of a mustard seed, about 
a hundred thousand million in each town. If the star is 
a Solar system—the chance for this is very little—the 
planets, on our model, are specks of dust, a few in 
number, placed near the seed at a distance of a hair’s 
breadth. And where are we men on one of the smallest 
of the specks of dust? If we can visualise this, we have 
obtained an excellent cure for our megalomania. 

Let us now see how this universe, as it is at present, 
has been evolved. Was it ever so, or was there a time 
when the different orbs in it did not exist ? There was. 
We have travelled through space and seen its extent. 
Let us now travel through time, backwards, and see 
what the universe was millions and millions of years ago, 

n 
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It was a vast globe of incandescent gas. What it 
was before that, we cannot even guess. The particles of 
the gas were moving to and fro with enormous speeds, 
now attracted, now repelled, by one another, but in 
general attracted by gravitation. Ages rolled on, and 
the gas, at first evenly distributed throughout space, 
condensed and formed smaller globes of gas. Each 
globe contained the material for a star-city, the material 
for about a hundred thousand million Suns. Further 
condensation took place. At the same time the globes 
began to rotate on account of gravitational attraction 
between the particles. Each globe became flattened like 
an orange. The flattening increased, at the same time 
condensation taking place in the globe; and individual 
stars began to appear. The degree of flattening repre¬ 
sents the age of the gas-globe, the nebula, as it is called. 
The more flattened the nebula is the more condensed it 
is, and the more the number of stars in it. 

One such flattened nebula is our galaxy. The sun is 
at a distance of a third of the radius of the galaxy from 
the centre, and takes part in the rotation on the galaxy. 
It is this rotation that keeps the stars from coming 
together at the centre by mutual attraction. Inciden- 
lally, it is this rotation that enables us to calculate the 
mass of a galaxy. 

Then millions of years passed, and a strange thing 
happened about 3,000 million years ago. Our Sun then 
was a young maiden, as it were, brighter and more 
glorious than it is to-day. It had a companion, another 
star, a maid in attendance. They had no work to do, 
and spent their time in chasing each other round. At 
the period I referred to, a new star, during his wande¬ 
rings happened to go near them. The attraction of the 
stranger was too strong for our Sun maiden to resist; and 
the ultimate result was that the planets were born, 
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This is how it happened. As the new star approached 
the Sun, great tidal forces were set up in it and it 
became elongated towards and away from the new star. 
But the elongated mass could not fall back when the new 
star receded, because of the velocity of the mass, and it 
ultimately condensed into the planets. The star moved 
away after generating the planets, the Sun’s old 
companion eloping with him. 

This is the story of the birth of a planet. But such 
celestial matrimony is rare, in spite of the great number 
of stars in the universe and the long, long period of time 
elapsed, because space is vaster still. “Leave ten bees 
on the continent of Asia at different places. What 
chance is there of their meeting each other ? There is 
the same chance for stars to visit one another.” 

Let us continue the story. The planets were globes 
of gas at first. As they cooled they became liquid and 
then a solid crust was formed on the surface. On one 
of these life originated; and by gradual evolution man 
came upon the earth. 

Rare as a Solar system is, a planet with life on it is 
rarer still; for special conditions are necessary for life to 
exist. In the Solar system, it is now evident that the 
Earth alone has life on it, life as we know it. It is just 
at the range of temperature within which life can exist. 
The other planets are either too cold or too hot. Mars 
perhaps has very low forms of life. 

One day the Earth too will become a cold, desert 
planet like many others, unable to support life. In an 
insignificant corner of the great universe man will have 
existed for an infinitesmal fraction of time and vanished. 
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THE DURATION OF ECLIPSES* 

Section 1: Lunar Eclipses 

The total duration of a lunar eclipse is given in 
hours, by the formula 2 |jD a —P 2 jl— p 9 /(p 3 -f-m a )} / 

(p a +m 2 )^ (1), where D is the distance between the centres 

of the moon and the shadow at first or last contact, P is 
the latitude of the moon at the time of opposition of the 
sun and the moon in longitude, p is the increase in P per 
hour and m is the motion per hour in longitude of the 
moon, relative to the sun. 

This is clearly 0 when P a etc. = D a 

i. e„ when ±P {l-p 2 / (p 2 -f-m 3 )} *=D, i. e., when Pis 

numerically greater than D by D p 2 /2(p-f-m a ) approxi¬ 
mately. This comes to about 14" on the average. Thus 
it is wrong to say that there is no eclipse when P is 
greater than D, for even when P is within about 14" 
greater than D at opposition we have an eclipse. When 
P=D, the duration of the eclipse is not 0, but 2Pp/ 
(p 2 +m a ), which is about 22 minutes, the eclipse com¬ 
mencing or ending at opposition. 

When is the duration a maximum ? 

Clearly when P, the latitude of the moon at oppo* 
sition is 0, i.e., the maximum occurs when at opposition 
the sun and the moon are also at the nodes. It is equal 

to 2D/(p a +m 2 )^ hours. 

But D, m and p are functions of 1, and V, the moon 
and the sun’s mean anomalies, respectively. Therefore 

* Pudukkottai Raja’s College Magazine, 1949, pp. 24 ff. 
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the maximum duration itself varies between limits, 
whose maximum and minimum we shall evaluate now. 

In the neighbourhood of the sun and the moon’s 
conjunction or opposition in longitude near a node, we 
have the following equations retaining functions of 
1, V alone, where 1 and 1' are the moon and sun’s 
anomolies at sthula-parva. (This is the time of a fictitious 
conjunction or opposition with the true moon=mean 
moon+315' sin 1, and the true sun=mean sun+127' 
sin 1') 

The moon’s Equatorial Horizontal parallax 

7^=3447" 9+224".4 cos 1. 

The sun’s Do. Do. parallax '?v , =8.8"+2 // cos V 

The moon’s semi-diameter r=939".6+61".l cos 1 

The sun’s semi-diameter r , =961".2+16."l cos T 

The radius of the shadow s = 2545".4+228. // 9 cos 1 
—16."2 cos 1' (m a +p a )^= 1875."6+260."1 cos 1 
— 5."0 cos 1'. 

Now the distance between the centres of the moon 
and the shadow at first or last contact = D=s+r=3485.Q 
-f-290.0 cos 1—16.1 cos 1'. Therefore 2D / (p a + m a )^ = 2 
(3485.0+290.0 cos 1- 16.1 cos l')/(1875.6+260.1 cos 1—5.0 
cos T). This is a maximum when 1 = 1'=180° and not when 
1 = 0, though it makes the semi-diameters of the shadow 
and the moon a maximum, for the increase in the nume¬ 
rator is outweighed by that in the denominator. Thus 
the max. is 2(3485-290+ 16.1) / (1875.6-260.1 + 5) = 
about 238 minutes. The lower limit occurs when 1 = l'=s=0 
and it is, 2 (3485 + 290 - 16.1) / (1875.6 + 260.1 - 5) 
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hours = about 212 minutes. If we do not neglect func¬ 
tions of 2 1 the maximum is 237.4 minutes. 

The maximum duration of the total phase of a lunar 
eclipse can be found by making D = s—r, and finding 
the maximum value. This too occurs when the sun and 
the moon at opposition are at the nodes, and when 1=1' 
= 180; and it is 2(1605.8 — 167.8+16.4) / (1875.6—260 1 + 
5) hours = about 108 minutes. 

Section 2 : Solar Eclipses 

The formula for the duration of a solar eclipse in 
general on the earth (as opposed to the duration at any 
particular place) is the same as for the duration of a 
lunar eclipse, with this difference, that here D =77 — 77' 
+r+r', and p is the latitude of the moon at conjunction 
of the sun and moon in longitude. Here too, as in the 
case of the lunar eclipse, we can see that the duration 
is 0, not when ± p = D, but when P is numerically 
greater than D by about 20". When ± P = D the 
duration is about 33 minutes. 

The maximum duration of a general solar eclipse 
occurs whenP = 0, i.e., when the conjunction in longitude 

is at a node. It is given by 2D/(p a +m a )^, in hours= 
(5339.9+285.5 cos 1+15.9 cos 1') / (1875.6+260.1 cos 1-5 
cos 1') hours. This is a maximum when 1 = 180° and 1' = 
0 and not when 1 = 0, though that makes both the 
parallax and the semi-diameter of the moon a maximum, 
because the increase in the numerator is outweighed by 
the increase in the denominator. It is 2X(5339.9—285.5 
+15.9) / (1875.6 — 260.1 — 5) hours = 6 hours 18 minutes 
nearly. It is easily seen that under this condition the 
eclipse is annular. Therefore the maximum duration 
on the earth as a whole happens at an annular eclipse. 
(If we do not neglect 2 1, the maximum is 6 hours 
16 minutes). 
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The duration of a solar eclipse at a given place on 

the earth is given by (r + r') / (p a + m 3 )^ corrected for 
parallax, which changes rapidly and varies from place to 
place. So the work of finding it is a bit difficult. But 
the maximum duration is easy to determine. This occurs 
when the central eclipse is at apparent noon. At this 
time the apparent semi-diameter of the moon is r+ about 
16". Also, the nearer to noon, the greater is the retar¬ 
dation in the relative hourly motion of the moon, owing 
to parallax, with the result that the greater is the increase 
in the duration of the eclipse. For an hourangle of 34° 
on both sides of noon the average retardation is 850".3+ 
55".4 cos 1 per hour. 

The total duration is given by 2 (r+16"+r')/ j(p 3 + 
m 0 )^} — (the hourly retardation due to parallax). So the 
maximum duration is given by 2(1917+61 cos 1+16 cos 1')/ 
•£(1875.6+2:0cos 1—5cos 1') - (850.3 + 55.4cos 1)} =2 

(1917+61 cos 1+16 cos 1')/(1025.3+204.7 cos 1-5 cos 1'), 
when 1=180° and l'=0. The maximum, we can easily 
calculate is about 4 hours 35 minutes, and it occurs 
when there is a combination of the most favourable 
circumstances, viz. the conjunction occurring at a Node, 
the central eclipse falling at noon, and 1 being equal to 
180° and 1', 0. 

The maximum duration of the Annular or Total 
phase at a given place is also at apparent noon for the 
same reason. As the period is very short we shall take 
the motions per minute for purposes of calculation. 
The duration of an Annular eclipse near noon 

is given by 2(r'— r —16)/ j(31".3+4".3 cos 1)—(15" 
+l"cos 1) } =2 (5.7 — 61 cos 1+16 cos T) (16.3+3.3 cos 1). 
This is a maximum when 1=1§0°, T=0. Calculating, we 
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can find it to be about 13 minutes. The minimum, of 
course, is 0, as is patent from the formula. 

The Total phase is given by 2 (r-f-16"—r')/ {(3T.3+ 

4.3cos l)-(15' + l"cos 1)} =2 (61.1cos 1-16.1cos 1'-5.7)/ 

(16.34-3.3 cos 1). This is a max when 1=0 and l'=180°; 
whose value is 2x71.5/19.6=about seven minutes. The 
minimum is clearly 0. Comparing the results we find 
that, other things being equal, an annular eclipse has in 
general a greater duration than a total eclipse. 
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THE LUNAR ECLIPSE IN HINDU 
ASTRONOMY* 


1. Introduction 

It is a well-known fact that a lunar eclipse occurs 
when, in the neighbourhood of a moon’s node, the sun 
and moon are in opposition, i.e., when the moon and the 
earth’s shadow are in conjunction. At the time of such 
a conjunction, say T, let p be the latitude of the moon 
(north latitude being considered -f), p', the hourly 
increase in latitude (increase towards the north being 
considered +), m', the excess of the hourly increase in 
longitude of the moon over that of the sun, M, the 
angular radius of the moon, and S the angular radius of 
the shadow, at the moon. Then, at any time t hours 
after the time of conjuction, T, the distance between 
the shadow and the moon, in longitude, is m't and the 
latitude of the moon is p -f- p't; and so the distance 
between the centres of the shadow and the moon is 

{ m' 2 +(p + p't) 2 } K The eclipse begins or ends when 

the moon’s rim just touches the rim of the shadow in 
entering it or leaving it. 

The distance between them at such a time is S+M 
=D, say. Then jm /2 t 3 -f (p-f-p't) 2 } *=D gives the time 
of the beginning or end of the eclipse. Solving this for 
t, we get. t= - pp'/(m' 3 +p /2 + £p 2 p /2 / (m' 2 +p' 2 ) 2 +(D a — 
in which, obviously, the upper sign gives the 

beginning, and the lower, the end of the eclipse. The 
total phase of the eclipse begins or ends when the rims 
touch the moon being inside the shadow, i.e., when the 

* Pudukkottai Raja’s College Magazine, 1951, 
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distance between them is S — M. If we substitute this 
instead of S+M for D, in the above solution, we get the 
times of the beginning and ending of the total phase of 
the eclipse. 

Thus we arrive at the following results : 

(1) The eclipse begins at T—pp'/(m' a +p' 2 )—-^p a p /3 /(m /a 
+pT+(D 2 -p a )/(m' 2 +p' 2 ) } K hours. 

(2) The eclipse ends at T—pp'/(m ,2 +p /2 )+ { p 2 p' 2 /(m' 2 -j- 
p' 3 ) 2 +(D a -p 2 )/(m' 2 +p' 2 ))*, hours. 

(3) The middle of the eclipse falls at T—pp'/(m' 2 +p' 2 ), 
hours. From this we see: (a) that if p and p' are both 
positive or both negative, the middle of the eclipse 
is before the time of conjunction, and if one is 
positive and the other negative, the middle is after 
conjunction; (b) only when the latitude at conjunc¬ 
tion, p, is 0, the middle falls at T, the time of 
conjunction, (for p' cannot be 0 near a node). 

(4) If D = p, (l)and (2) reduce to T —pp'/(m' 2 +p' 2 ) + 
pp' / (m' 2 +p /a ), from which we see: (a) that the 
eclipse begins or ends at conjunction, and (b) that 
the duration is 2pp7(m ,2 +p’ 2 ), which may amount 
to about 22 minutes. 

(5) The duration is 0 when the expression between the 
double brackets is 0, i.e., when p is greater than 
D by Dp’ 2 /2(m ,2 +p’ 2 ), (neglecting fourth powers of 
p’/m’); which may amount to about 14" in the mean. 

(6) If t is not real, there is no eclipse or total eclipse 
according as D is taken to be S+M or S —M. 

For e.g., let us take the eclipse that is going to occur 
pp tfre Hth February 19$2. The shadow apd the moop 
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will be in conjunction in longitude at 5.58 a.m. (I. S. T.) 
p = + 3083" p’= —164", m’= 1641", S=2339", M = 888". 
Using these we get t= +11 minutes + 36 minutes, i.e., the 
middle of the eclipse falls at 6-9 a.m. The eclipse begins 
at 5-33 and ends at 6-45. Putting D= S - M = 1451", t is 
not real, and therefore there is no total phase. 

2. Calculation of the Lunar Eclipse in Hindu Astronomy 

So far k as we know, the Vedahgajyotisa (about 1220 
B.C.) is the most ancient Hindu astronomical work. 
Two recensions of it are extant, the Rigvedic and the 
Yajurvedic, neither of which makes any mention of 
eclipses; as also the Jain and Buddhistic works the 
Suryaprajnapti, the Jyotiskaranda and the Kalaloka- 
prakMa and also the Brahminical works like the 
Pitdmaha-Siddhanta, which all came a few centuries 
later. 

The next period forms a transition from this to the 
time of the advanced siddhantas of later times. Three 
of the siddhantas condensed by Varahamihira in his 
Pancasiddhantika, viz., the Vasistha, the Paulisa and 
the Romaka belong to this period. In them we find the 
beginnings of an attempt at finding the true longitudes 
of the sun and the moon and calculating eclipses. 
Varahamihira’s Romaka does not give the rules for 
calculating a lunar eclipse, though the more difficult 
calculation of the solar eclipse is given. The methods of 
the Vasistha and the Paulisa are mixed up. This is what 
they say in effect. Rule (1). Find the difference n in 
longitude at the time T of the moon’s conjunction with 
the shadow, between the near node and the moon. If n 
is within 13°, there is a lunar eclipse. (2). T+/ c ,v/l69-n a 
hours gives the beginning and end of the eclipse. 
(3). Find the latitude of the moon p at that time, in 
minutes. Then, if m’ is the difference in the hourly 
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motion in longitude of the sun and the moon, T + »y55 3 p a 
■/m’ hours gives the beginning and the ending of the 
eclipse. (4). T+^N/25-n 2 hours gives the beginning and 
end of the total phase. 

From (1) and (3) we see that 13° difference between 
the longitudes of the node and the moon is equivalent 
to 55’ of latitude: i.e., near a node the latitude changes 
at 55/13 minutes per degree and the maximum latitude 
is 4°. From (3) we see S+M=55’; from (4), S — M—21’; 
and so according to these siddhantas, S=38’ and M = 17’ 
which are taken to be constant. (2), (3) and (4) neglect 
p’, so that the middle of the eclipse falls at T, and the 
duration is 0 when S+M = p. (2) neglects m’ as well, so 
that the duration is only mean, as given by this rule, 

Applying these rules to the example given in 1, 
taking T and m’ as given there, and n equal to 10° 2’, 
we have according to (3), T + 77 minutes and according 
to (4), T+74 minutes. In each case the duration is 
more than double what it is. 

The Suryasiddhanta condensed by Varahamihira and 
the later Siddhantas in general give fairly accurate 
methods and constants for the calculation of the eclipse. 
Their methods are practically the same, though the 
constants vary a little from one another’s. They furnish 
the basis for finding 7v’ and tv, the parallaxes of the sun 
and the moon, and R and M, their radii. 7v’, 7V, R and 
M in minutes are according to the ‘condensed’ Sur. Sid . 
3.8, 51.4, 16.1 and 16.1; according to the Suryasiddhanta 
4.0, 53.5, 16.2 and 16.0, and according to the Siddhdnta 
Siromani of Bhaskaracharya, 3.9, 52.7, 16.2 and 16.0. 

. All three give 270 minutes for the maximum latitude 
of the moon. 

The following, in effect, are the rules they give for 
^computing the eclipse: (1) Find T. Find p, moon’s 
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latitude at T, from: lat=270' sin (Moon — Ascending 
Node). (3) Find m'. (4) Correct tv' and R by multi¬ 
plying each by the sun’s daily true motion in longitude 
and dividing by the mean motion, 59.1'. Correct tv and 
M by multiplying by the true daily motion of the moon 
and dividing by the mean motion, 790.6'. Using these 
values, 7V'+7T — R=S. S+M=D for the first and last 
contacts, andS —M=D, for the beginning and ending 
of the total phase. (5) T+n/D 2 —p 2 /m' hours is a first 
approximation for the beginning and the ending of the 
eclipse. Repeat, using for p the latitude at the approxi¬ 
mate time of beginning. A more correct time of 
beginning is thus obtained. If the latitude of this time Is 
substituted and computation again made, a still more 
correct time is got, and so on, till we have the necessary 
accuracy. The same process is to be followed to find 
the correct time of ending. 

It is to be noted that this process of successive 
approximation is necessary because the change in p 
caused by p' is neglected in the formula in (5) above. 
Perhaps the authors feel that this way of finding the 
times is easier than finding them once and for all by 
solving the quadratic with p' included; for, even 
Bhaskaracharya gives this rule though he knows how to 
solve a quadratic and interpret the solution. But this 
method will fail when p = D, for then VD 9 —p M /m' is 0, 
and no time before or after T is got for a second 
approximation. (We have already seen that in this case 
the eclipse begins or ends at T and the duration will be 
about 22 minutes). But one thing must be mentioned 
here, that for the Siddhantas the difficulty will not arise 
in the matter of calculating the first or last contact, 
because they do not require us to calculate such eclipses. 
The Siddhanta Siromani, for instance, says that if 
S-fM—p is less than a sixteenth part of the moon’s 
diameter, i.e. 2', the eclipse should not be calculated 
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because its visibility will be marred by the brightness 
of the moon. 

Another matter to be noted is that the parallaxes 
and radii are mentioned as varying proportionately to 
the true motions, which is not strictly correct. 

Let us now apply the above rules to the example in 1, 
assuming T and m' there, and also given the moon’s true 
longitude 141° 14', the longitude of the Ascending node 
331° 16', the moon’s true daily motion 717.3' and the 
Sun’s 60.7'. Taking the constants of Siddhavta Siromani, 
(1) T=5.58 a.m. (2) p = 270' sin 169°$8’=47'. ( 3 ) m'= 
27.4'. (4) 4' and 16.3', each multiplied by 60.7 and divided 
by 59.1 equal 4.1' and 16.7. 52.7' and 16' multiplied by 
717.3 and divided by 790.6 make 47.8’ and 14.5’. Thus 
S=35.2’ and M= 14.5’. S+M=D = 49.7’. (5) V49.7 a -477 
27.4 hours = 35 minutes. So the approximate time of 
the beginning is 35 minutes before T and of the ending, 
35 minutes after T. The latitude decreases at 2.32’ per 
hour. So at T — 35m the lat. is 48.35’ and at T+35m it is 
45.65’. Using these we get T—25m for the beginning, 
and T+43m for the ending, as a second approximation. 
Repeating the process, we finally find that the eclipse 
begins at T —28m., and ends at T+45m. (5-30 a.m. and 
6-43 a.m.) The agreement with the correct values is 
close, as we see. 
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THE THEORY OF RELATIVITY* 

PART I 

At the beginning of the present century, a new 
scientific theory, known as the Theory of Relativity was 
propounded by the great German scientist, Einstein. Its 
consequences in the field of science were far-reaching : it 
necessitated a change in the very outlook of the scientists. 
The Theory was at first restricted in its scope to uniform 
motion in a straight line and therefore called the 
Restricted Theory. In 1916, ten years after the 
Restricted Theory, the General Theory of Relativity was 
given to the world. 

The Restricted Theory is based on two hypotheses 
which are really scientific truisms: (1) the velocity of 
light in a vacuum is constant, i.e., every observer finds 
it has the same value, and (2) it is impossible to find the 
absolute velocity of a body through the ether, relative 
velocity alone is observable, i.e., of two persons on two 
frames in relative motion 'to each other, if each asserts 
that he is at rest and the other is in motion, there is no 
test to find out who is right. (It is from this second 
hypothesis that the theory gets its name). The General 
Theory rests on only the second of the above-mentioned 
hypotheses, generalised to include accelerated motion. 
Before we proceed to see what circumstances led to the 
framing of the Theory and how it is developed from the 
given hypotheses, we shall understand the import of the 
Theory, i.e., the results that follow from it. 

A man stands on a railway track and observes a train 
moving away from him with a velocity v. A passenger in 

* Pudukfcottah Raja's College Magazine, 1943, pp. 63—66* 1944, 
pp. 18-23; 1945, pp. 87-90; 1946, pp. 18-42. 
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the train is running from the guard’s van towards the 
engine with a velocity, u. With what velocity is the 
passenger moving away from the man? v+u, we say. 
For instance, if the train is moving at 30 miles an hour, 
and the passengar is running at 8 miles an hour, he must 
be leaving the man behind at 38 miles an hour. But, no, 
says the Theory of Relativity. The formula according 

to the Theory is (u+v)/^ 1 + ~j, where the new quan¬ 
tity c is the velocity of light. If, as in the example given, 
u and v are small in comparison with c, (which is about 
186,000 miles per second), there is practically no 
difference which formula we take—the reader may work 
out the difference if he is curious, 0".017. But if u and v 
are large, the difference is considerable. Suppose a 
nebula is receding from us at 18,600 miles a second and 
an electron is moving on it in the same direction at 
93,000 miles a second. The velocity of the electron as 
observed by us is not 18,600+93,000=111,600 miles, 
according to the familiar formula. It is (18,600+ 93,000)/ 
{l+(18,600 X93,000) / 186,000 a }= 105,286 miles. There 
is a difference 5,314 miles, nearly a third of the velocity 
of the nebula. 

There is something very interesting to be said in this 
connection. Long before the Theory of Relativity was 
thought of, a scientist by name Fresnel, while experi¬ 
menting on the behaviour of light, measured the velocity 
of light through the water flowing in a tube. Allowing 
for the drag of the flowing water, the result showed not 
a velocity c Ip, (^ is the refractive index for water), as 
must be expected. It was clp-\- u (1—l//* a ), where u is 
the velocity of the flowing water. He was puzzled at this 
result. The experiment was repeated, but the result was 
the same. At last scientists came to accept the 
discrepancy u (1—l//t 2 ), as an empirical fact and came to 
call (1= 1 /jtt 3 ) the Convection Coefficient. The Relativity 
formula for the composition of velocities explains this 
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easily, furnishing an indirect proof of the Theory of 
Relativity. 1 

Let us now examine the equation, (u+v)/(l+uv/c a ), 
for its other implications. We shall take the case where 
u and v are both positive. If they are each less than c, 
the velocity of light, the composed velocity is always 
less than c. If one of the velocities is equal to c, the 
total is c, i.e., no velocity can be added to the velocity 
of light. (This result is inherent in the first hypothesis). 
If at least one of the velocities is greater than c, the 
resultant is less than at least one of them, which result is 
absurd, because we have taken both u and v positive. 
Therefore we have to conclude that no velocity can exist 
greater than that of light. This result is confirmed by 
another consideration as we shall see later on. 

As another consequence of the Theory of Relativity, 
we have to give up our old idea of mass. We have been 
defining mass as the amount of matter in a body and 
thus identifying mass with matter. But, Relativity 
teaches that mass has nothing specially to do with matter. 
Radiation, as well as matter, has mass; and even though 
the amount of matter in a body does not change, its 
mass may change. The mass M is given by the equation 
M=m/\/(l— v a /c a ), where m is the mass when the body 
is at rest, the rest mass or proper mass, as it is called; 
v is the velocity of the body, and c, the velocity of light. 
Usually v is small in comparison with c, and therefore 
neglecting v 4 and higher powers, we can write 
M = m + |mv 2 /c i! . Now, we know that the kinetic energy 
of a moving body is Jkmv 2 where k is a constant 
depending upon the units chosen. So we can conclude 
that the additional mass may be due to the kinetic energy 
of the body, i.e., the energy E, has mass equal to E/c a 

1 Thus: neglecting squares of u, a small quantity, (c//i+u)/ 
(l+c//i.xu/c 8 ) = (c/Hu) (I—u/c i a)=c//t' +u (l - l/fi 2 ). 

53 


57 1 HjdxrLtmlcjaL 



grams, if E is given in ergs and c in cm per second.® 
This additional mass riding on energy is usually very 
small because ordinary velocities are small and also 
because the divisor c 8 is enormous ( = 9xl0 20 ). But it 
increases rapidly with the velocity. For an electron with 
a velocity of 149,000 miles per second, the increase in 
mass is 60 per cent. For still higher velocities the mass 
increases very rapidly, tending to infinity as v approa¬ 
ches c. But as the mass increases, increasingly greater 
forces will be required to increase the velocity by a given 
amount, with the result that no body can acquire the 
velocity of light. Thus we return to the conclusion that 
the velocity of light is absolute and cannot be exceeded. 

At the end of the last century, J. J. Thomson, in his 
experiments with electrons, observed that the-mass of 
the electrons increased with the velocity, and he arrived 
at the empirical formula for the mass, M=m+|-mv a /c 9 . 
This result is explained by the Theory of Relativity, 
which itself is proved thereby. 

We saw that the additional mass is due to the kinetic 
energy. May it not be that the rest mass itself is due to 
the energy inherent in matter in a potential form ? 
Considerations of convenience recommend this assump¬ 
tion. This is also highly probable for the following 
reasons. Matter has been known to be annihilated, 
exhibiting itself in the form of energy, the mass of the 
matter appearing as the energy mass. Secondly, matter 
which to all appearances is static and contains no energy, 
really possesses a large quantity of energy, the kinetic 
energy of its molecules and atoms in motion, (which 
exhibits itself in the form of temperature), the energy 
that binds the atoms together to form the molecule, 
the energy that keeps the electrons and protons together 

2 The sun radiates energy at the rate of 3.8 X 10 s3 ergs a second. 
So, every second it loses 4.2 X10 1 ? grams of its mass which is equal 
to about 4 million tons a second. 
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in the atoms and the energy in the electrons and protons 
themselves owing to their spin and electric charges, 
energy being required to charge them. 3 4 So we conclude 
that all mass is due to energy, with which it is insepa¬ 
rably associated. Conversely to what we said about the 
mass of energy, the energy in a given mass is enormous 
(E = mc a ) because the mass has to be multiplied by 
c a (=9xl0 20 ) to get the energy. For example, an ounce 
of matter is equal to 28.35 X 10 20 X9 ergs=2.55X 10 aa ergs 
which amounts to about 700 million kilowatt-hours or 
940 million horse-power-hours. This is greater than the 
energy generated by a thousand horse-power engine 
working incessantly for 108 years. Only, there is no 
known means of making this energy available for use 4 

The Theory of Relativity has revolutionized our 
ideas of space and time and at the same time given us an 
insight into their true nature. We derive our ideas of 
space and time indirectly through our sense-impressions. 
This is what philosophers mean when they say space and 
time are modes of perception. But time enters our 
consciousness also directly, without the intervention of 
the senses. It is this time that is perceived as flowing 
from the past to the present and from the present to 
the future. By identifying this subjective time with the 
objective time obtained through our senses, we get the 


3 It is interesting to note that the mass of the electron is of the 
order of the mass of the energy required to charge the particle with 
electricity. If e is the charge and r the radius of the electron, the 
energy is e 2 /r and the mass is e 2 /rc 2 . Substituting their respective 
values for the electron we have 4.774 2 Xl0 20 /9x 1G 20 X 1.85xl0 13 = 
13xI0 28 gr. which is of the order of 9xi0 a8 gr, the mass of 
the electron. 

4 The article was written before the Atom bomb was used upon 
Hiroshima and Nagasaki. It wae only then that people came 
to know that it was possible to release atomic energy so as to be 
available for use. 
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idea of the flow of time in general. It is this subjective 
time that gives the world its dynamic character. We 
shall revert to this later on. 

We know that every event is four-dimensional, i.e., 
we require four qualities to specify each event. We say 
an event has happened at a particular place at such and 
such a time. To specify the place we require three 
quantities, co-ordinates as they are called: so much in 
length, so much in breadth and so much in height. In 
other words, space is three-dimensional. But we always 
separate the four dimensions into two sets, three of 
space and one of time, never mixing the space and the 
time. Between two events there is, we feel, a definite 
interval in space as well as in time. If the interval in 
space is zero we say they happen at the same place. If 
the interval in time is zero we say they take place at the 
same time, i. e., the events are simultaneous. 

According to the classical theory, everyone measures 
the interval in space as being equal, as also the interval 
in time (provided an ideal measuring rod and an ideal 
clock are used). By time I mean physical time, not 
subjective time, i. e., time as sensed by each individual. 
Subjective time is notoriously different for different 
persons: a person awaiting his love, and another, the 
execution of his death-sentence, do not have the same 
appreciation of time. True, there is a classical theory 
of relativity which says that if a person A measures an 
interval x in space and t in time, a person B, moving 
uniformly away from A at u units of length per second, 
measures the interval in time as t, but the space as x-ut. 
But the classical theory does not take this difference 
seriously, for it takes it for granted that it can be known 
who is actually in motion, and a correction may be 
made accordingly; so that there is agreement between A 
and B in their measurement of space as well. 
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But Einstein’s Theory of Relativity has changed the 
possibility of all this. It says that neither the interval 
in space nor that in time is the same for two different 
persons in motion relative to each other. (As for 
absolute motion, it is denied by the postulates of 
Relativity.) If A measures an interval x and t in space 
and time respectively, B measures a space-interval of 
(x — ut)/V1 —u 2 units and a time interval of(t- ux)/Vl —u 2 
seconds. (For the sake of simplicity the distance which 
light travels in one second is taken as the unit of length 
and the second is taken as the unit of time). 

Let us now proceed to examine the formula 
for their implications. Suppose A has a clock 
with him and observes an interval t seconds. As 
the clock is with him always, x, the interval in 
space, is zero. According to the formula for time 

gi ven above, B measures the time as (t-u x 0) / 

VI—u 2 =t/Vl —u 2 . B says A’s clock is slow, and 
as there is a correspondence between A’s acts and his 
clock, he says A is a lazy person. But A accuses B 
of being lazy, the relation being reciprocal. Sometimes 
each envies the other that the other’s jilebi lasts longer 
than his own, but finds a consolation in the fact the 
other’s visit to the dentist lasts longer. If we do not 
experience this difference in time it is because u, the 
relative velocity, is very small (remember, the unit of 
length is 186,330 miles. Even if u is 400 miles an hour, 
the difference is only 1/10 11 percent). Another thing to 
be noted is that Vl — u 2 becomes imaginary if u is greater 
than 1. From this we see the velocity of light is the 
limit to which relative velocity can attain. But there is 
nothing very remarkable in this, for we have only taken 
out now what we have put into our postulate as the 
constancy of the velocity of light. 

Let us now go to their measurement of space. 

While A measures x, B measures (x—ut/Vl—u a (accor- 
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ding to the classical theory he must measure x—ut) His 
measuring rod as well as his time has shortened. A thinks 
that it is natural because B is in motion. But B says 
A is in motion and his rod has shortened. As we cannot 
find absolute motion we cannot say who is right. As x 
cannot be greater than t (to measure a length greater 
than t in time we should move faster than light) no one 
can see events happening in an order reverse to what 
another sees they happen. In my article on the stars 
I humorously remarked that if, at this moment, we 
transplant ourselves on to a star distant 2,500 light years, 
we can see the Buddha preaching Ahimsa to the world. 
But we now see we can never have that joy, poor, 
mortals, and the Buddha must preach without us as 
audience! This is evident from the following conside¬ 
ration. You start now moving away from the world, 
all the while observing it through a telescope. As long 
as you do not move faster than light you cannot catch 
up with the light that left before you and perceive the 
event again. But nothing can make you move faster 
than light. So, all that you can do is to see the processes 
of the world slowing down and have the satisfaction of 
accusing the world of laziness, because you are there to 
whip it up to activity !! Thus the world is saved from 
topsyturvy-dom by the constancy of the velocity of 
light. Time is furnished with its arrow, as it were, by 
the limit set to attainable velocity, and shown which 
way it should move. 

The Theory of Relativity has thus compelled us 
to throw overboard our concepts of absolute velocity, 
absolute space, absolute time and simultaneity, the 
bedrock on which we have built our universe of sense- 
impressions. But Minkowski, a great mathematician, 
has shown how to recover the absolute by going back to 
the four-dimensional origin of our perceptions of space 
and time. Though A and B calculate the interval in 
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space and in time to be different, they agree that their 
interval in space-time is the same. If A finds the four¬ 
dimensional interval x 2 —1\ B finds it*(x—ut) 2 / (1 —u 2 ) — 
(t- ux) 2 /l—u 2 = x 2 —t 2 . Thus events are points in a four¬ 
dimensional world of space-time which is absolute, and 
their interval apart for every person is the same. But 
each carves out his own interval of space and interval of 
time. The accident that we move with a small velocity 
relative to one another has masked the unity of the 
physical entity, space-time, because if we had consi¬ 
derable relative velocities, we would have obtained 
different values for physical space and physical time, 
and the conclusion would have been forced upon us that 
space and time are only points of view, space-time 
alone being real. Thus Relativity has given us an insight 
into the true nature of space and time. 

We shall now examine some results of the General 
Theory of Relativity. The force of gravition as given 
by Newton is G m m'/d 3 , where m and m’ are the masses 
of the bodies attracting each other, d is their distance 
apart, and G is a constant depending on the units of 
mass and length. From what we have said about space 
and time it is evident that the law cannot be in this form 
in the Theory of Relativity; for, mass and distance are 
variable according to the frame of reference with respect 
to which they are measured. The Theory of Relativity 
gives a law of gravitation essentially different from 
Newton’s but practically agreeing with it. One difference 
is remarkable. According to Newton’s law it can be 
shown that as long as only two bodies are involved (say, 
the sun and a planet) the apsides of the orbit of 
revolution lie fixed in space. But in fact the apsides of 
the orbits of the planets are revolving in the plane of the 
orbits, though the revolution is very slow (for the earth 
it is 1,163 seconds of arc per century). This is due to 
the disturbance, known as perturbation, caused by a 
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third body. Let us take the case of Mercury. If there 
were no other planets, its orbit would be fixed in space 
and there would be no revolution of the apsides. But 
owing to the disturbance caused by the other planets 
there is a revolution of the apsides. The contribution 
of each planet to the revolution can be calculated from 
theory and compared with the results of observation. 
While observation gave a revolution of 574 seconds of 
arc per century, calculation gave a difference of 43". At 
first it was thought that some other planet, as yet un¬ 
discovered, was responsible for this. The existence of 
Neptune and Pluto were thus predicted from theory 
before they were discovered at the very places predicted. 
It was thought that there was a planet between Mercury 
and the Sun affecting the orbit. Astronomers had even 
a name ready for it, Vulcan. But it was not discovered 
and the 43" remained unexplained, until the Theory of 
Relativity accounted for it. 

The law of gravitation according to the Theory of 
Relativity shows that even when there are only two 
bodies there must be a slow revolution of the apsis equal 
to 6 77 m/1 radians per revolution of the body, where m is 
the gravitational mass of the attracting body and 1 is the 
semi-latusrectum of the elliptical orbit, the unit of 
length being the lux (186,330 miles). For the planets of 
the solar system it is about 16/r 5 seconds of arc per 
century, where r is the distance of the planet from the 
sun, the distance of the earth from the sun being taken 
as the unit of length. Substituting the value of r for 
Mercury, we get 43", the exact amount of discrepancy 
between the old theory and observation. Thus an 
experiment performed in Nature’s laboratory has 
vindicated the Theory of Relativity. 

According to the Theory of Relativity light rays 
passing near a body are bent towards the body in the 
same manner as the path of material bodies. Supposing 
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the light comes from a star, and the ray of light passes 
very close to the body in question, the amount of 
bending is 4 m/r radians, where m is the gravitational 
mass of the body and r is its radius in lux . It is not 
possible to say how waves of light could be attracted by 
a body, if we use Newton’s law, which applies to 
material particles. Even supposing that the law applies 
to non-material particles as well, or supposing, as 
Newton himself did, that light rays consist of material 
particles, Newton’s law gives only half the value given 
by Einstein’s law. Here is a crucial test for the Theory 
of Relativity. Einstein predicted from his theory that 
light rays from a star passing close to the sun would be 
deflected towards the sun by 1.78" of arc. This can be 
verified by observing the position of a star very close to 
the sun; but such an observation is possible only during 
a total eclipse of the sun, when the light of the sun 
cannot obscure the light of the star. The first verification 
of this prediction was made during the total eclipse of 
1919, and this brought Einstein and his Theory of 
Relativity into the limelight. When Einstein made 
epoch-making discoveries like the photon (light-quantom) 
or the two Theories of Relavity, nobody took any 
notice of him outside scientific circles. But when the 
above-mentioned verification was made, he caught the 
imagination of the people and there was a general desire 
to know him and his discoveries. I distinctly remember 
how all sorts of things (not excluding nonsense) were 
talked about the Theory of Relativity, and how 
meaningless comparisons were made between Einstein 
and Newton, of course to the disadvantage of the latter. 

Einstein made another important prediction from 
his Theory. He showed that the natural period of 
vibration of a particle is shorter on a light body than on 
a heavy body. The relation is given by the equation 
(1—2 mjr^ tf=(l— 2m 2 /r 2 ) t|, where m lt ^ and ^ refer 
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to one body (its gravitational mass and radius and the 
time of vibration on it) and m a , r 9 and t a refer to another. 
If we suppose the left-hand member refers to the earth 
and the right-hand member to the sun, as tnjrx is 
negligible in comparison with m a /r a , and as m a /r a = 
.000002, we can say t a (the period on the sun) = 
'000002 tj. So the frequency of vibration is greater for 
the terrestrial particle than for the solar particle. If the 
spectral lines of a terrestrial atom, say an atom of 
hydrogen, are compared with the same lines in the solar 
spectrum, we must find the lines in the solar spectrum 
shifted by a small amount towards the red-end. But 
the shift is so small (for the Hb line the increase in 
wave-length is only 'OlA) that it cannot be verified as it 
is masked by errors of observation. There are certain 
stars called white-dwarfs in which, owing to peculiar 
conditions, tons of matter are packed into a cubic inch 
of space. One such white-dwarf is the companion of 
Sirius in the constellation, Canis Major. Examination 
of the stellar spectrum of this dense body has established 
the truth of this prediction, thus proving the Theory of 
Relativity. 

In the discussion above we took the equations arising 
from the Theory of Relativity for granted and compa¬ 
red them with the corresponding equations of classical 
(also called Newtonian) mechanics. We also tried to 
understand their implications which gave a shock to our 
accepted ideas. Now we shall derive the equations used 
above from the hypotheses of the Theory of Relativity. 
We shall first take the Restricted Theory. The two 
hypotheses of that theory are : (1) The velocity of light 
is constant as measured by all observers, whether they 
are relatively at rest or in motion with uniform velocity 
as regards one another. ( 2 ) Of two men having uniform 
relative motion, if one asserts that he is at rest and the 
other is in motion, and if the other asserts that it is he 
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that is at rest, there is no means of determining who is 
right. 


Let us take two men, A and B, having such relative 
motion. A thinks, naturally, that he is at rest and B is 
in motion, say with a velocity u. For the sake of 
convenience let us take as our unit of length the distance 
light travels in one second. Suppose B phones to A, “I 
sent at the same instant two beams of light, one along 
the line of our relative motion and the other at right 
angles to it. They were reflected back to the source of 
light by two mirrors placed at a distance, d, from the 
source. I found that they reached the source at the 
same instant, i.e., 2d seconds after they started.” A says 
to himself, “How is it possible? I made the same 
experiment and got the same result. But B is in motion 
and so he must get a different result. Evidently there is 
something wrong with his measurement of time or 
measurement of length or possibly both. Let me find 
out by calculation the amount of his error once for all, 
so that in future I can correct his results for agreement 
with mine.” Let me first take the reflection at right 
angles to his line of motion. 


M 1 M' Fig. l. 

T T 



S. Source of light at the time 
of starting. 
S' Do. after one second. 
M. Mirror at starting. 

M' Position of mirror after 

one second 

-*■ Direction of light procee¬ 
ding to the mirror. 


Though he had placed his mirror on a line at right 
angles to his motion (see fig. l), it was the oblique ray of 
light, marked by the arrow that was reflected by the 
mirror, (though he was not aware of it), for by the time 
it reached the mirror, the mirror would have moved 
along with B. As light travels one unit in one second, 
and as in one second B moves a distance u, the light will 
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approach the mirror a distance VI— u 2 in one Second* 
As the distance of the mi rror is d, the time taken to 
reach it would be d/Vl —u 2 seconds. As the same 
argument holds for the r eturn j ourney to the source, the 
total time must be 2d/\/1 — u 2 . Evidently his clock is 
slow and gives a shorter interval of time, 2d. So let me 
hereafter divide the time given by him by (VI— u 2 ), 
so that, his result may agree with my ‘correct’ result. 

“Then, for the beam of light along his line of 
motion. (See fig. 2). In one second light travels one 
unit and is at P. But the source S has moved a distance 
u and is at S'. The mirror M has moved a distance u 
and is at M’. Thus in one second the light nears the 
mirror by 1 —u units of length. So the mirror must 
have been reached in d/(l — u) seconds. During the 
return journey the light approaches the source at one 
unit per second while the source approaches the light at 
u units per second. So the distance is lessened 1+u 
units every second. Therefore the distance, d, from 
the mirror to the source is done in d/(l+u) seconds. 
Adding the two we have 2d/(l—u 2 ), the time from the 
source to the mirror and back. But the fellow says it is 
2d. As his clock is slow I divide 2d by V1 — u a , as I have 
already resolved to do. But it makes 2d/Vl — u 2 but not 
2d/(l —u 2 ) which I have found to be the correct time. 
Evidently there is something wrong with his measurement 
of lengths along the line of motion. It must have 
shortened. I mus t divide his lengths along the line of 
motion by VI —u 2 so that I may get the correct time 
2d/(l—u 2 ).” 

S: The position of the source when 
light started. 

M: do. of the mirror do. 

S': The source after one second. 

M': The mirror after do. 

P : The position of the light after 
one second. 


Fia. 2. 


o- 

S 


-o - 

S' 


-o-^-o- 
M M' 
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So says A, and we appreciate his standpoint. But 
we must remember that the second hypothesis allows B 
to claim he is stationary and A is moving away from him 
with a velocity, —u. That is no special privilege of A’s. 
Arguing exactly like A, but putting—u in the place of u 
in A’s argument, B comes to the conclusion that it is A’s 
clock that is slow and he must divide A’s time by 
s/l— u 2 (for *71 —(— u) b =n/1— u a ) to get his own correct 
measure of time. In the same way, he says it is A’s 
length that has contracted and divides that too by J 1—u* 
to obtain agreement with his own correct measurement 
of time. These two results are fundamental in the 
Theory of Relativity. 

Bearing these two results in mind let us proceed to 
derive the formulae used earlier. Suppose between 
two events B measures a time interval, t', and a space 
interval along the line of motion, x'. What space inter¬ 
val will A find between the same two events? As mar¬ 
ked in fig. 3, let B measure the first event to be dis¬ 
tance R from his origin, O. Let him measure the second 

Fig. 3 

V V' 

-L-- 

I Event II Event 
o-o 


event to be at a distance L from the second position of 
his origin O'. (For the origin has shifted according 
to A). B thinks that his frame of reference is stationary. 
So he does not distinguish between O and O', and 
measures x' = L—K. But A says that at the time of the 
second event B has moved a distance u t or which is the 
same to him, u t' / *71 — u a .B’s measurement of length x' 
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itself should be divided by according to A, to 

compensate for the contraction of B’s lengths along the 
line of motion. Making these two corrections we find 
A’s measure of the distance between the events, 
- x ' Bt '_ _ x' +ut' m 

x Vi-u 2 *ji— u a i—u 2 .^' 

But the argument being reciprocal, as we have seen, 
if A measures a distance x, and a time interval t, 
between two events, B will calculate his distance, x' = 

X_lit 

— -. (Note: for B, u is negative). ( 2 ). 

Eliminating x between the above two equations, we 
get an expression for the interval in time between the 
two events, as measured by A, (expressed in B's 

^ 4" U 

measurements, t' and x'), t— ^ t __ u z .(3). 

Eliminating x' between equations (1) and (2) we get 
B’s measurement of time in terms of A's measurement of 

time and space, viz, t'= .(4). 

We can also derive (4) from (3) directly by substi¬ 
tuting—u for u, and t, x, for t', x', which the second 
hypothesis permits us to do. 

If u is small, so that we may neglect u 3 , equations 
(1) and (2) reduce to, x=x'-f-ut', x'=x—ut, respectively. 
This is the same as the equations of Classical (or 
Newtonian) relativity, x=x'+ut, x'=x—ut, if we bear 
in mind that in Classical Relativity t = t', i.e., there is no 
difference in the measurement of time of two people in 
relative motion. If we neglect u 3 in equations (3) and 
(4), they reduce to t=t' 4- ux', t'=t —ux. There is 
nothing equivalent to this in Classical Relativity, 
according to which these equations are absurd. Only in 
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the case when u = o, these equations acquire a meaning 
for ClassicalfRelativity, viz., t—t'. But then there is no 
relative motion and the equations are outside the pale of 
the Theory of Relativity. 

The four equations (1) to (4) show that two persons 
in motion relative to each other do not have the same 
measurement either of distance or of time. The impli¬ 
cations of this fact have already been discussed earlier. 
We have seen there that though space and time are 
different for each, the space-time interval between two 
events is the same for all. Let us call this interval 

‘separation’ or s. We have seen, s 9 =t a —x a =t 1 —x 1 . 


Suppose B reports a velocity, v\ of a body. With 
what velocity does the body move as observed by A ? 
Velocity is defined as displacement (i.e. distance 


travelled) per unit time. For A, v = x/t = (^~ 

Gw) =(*'+»«/( f+»*■) = (£ +“)/(>+“-£-) = 

(v’+u)/(l+uv‘).(5). 


It may be remembered this is the equation given earlier 
for the composition of velocities, c a having disappeared 
from the formula, because we have taken c as the unit 
of length. Thus we see that all the results mentioned 
there follow from the Theory of Relativity. 


We can, in the same way, derive the velocity v 1 for 
B if we know v, the velocity for A. Substituting —u 
for u, on the strength of the Relativity hypothesis, in 
equation (5) and v for v 1 and vice versa, we get v* = 
(v-u) / (1—uv>.(6) 

Ordinarily u and v are very small, for our unit of 
length is the enormous distance that light travels in vac¬ 
uum in one seednd. If we therefore neglect the product 
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of small quantities uv or uv 1 , the equations (5) and (6) 
reduce to v=v x +u and v x = v—u, respectively, which are 
the equations for the composition of velocities 
according to Classical Relativity. Also, we have seen 
earlier how Fresnel’s Convection Co-efficient can be 
derived from equation (5). 

There are three conservation laws that are funda¬ 
mental in Newtonian or Classical mechanics: (a) the 
Law of Conservation of Mass, ( b ) the Law of 
Conservation of Momentum and (c) the Law of 
Conservation of Energy. Most of our work in Physics 
and Chemistry is based on these laws. So we should 
examine how far these laws are affected by the Theory 
of Relativity, especially by the new equation for the 
composition of velocities. 

The Law of Conservation of Mass states that as 
long as no matter (which is identified with mass) is 
added to or taken away from a body or a number of 
bodies, the total mass remains the same. For example, if 
two molecules of masses mi and m B unite to form a new 
molecule, the mass of the new molecule is m^mj. 

The Law of Conservation of Momentum states that 
if a number of bodies are in motion and if no external 
force, which alone is capable of adding new momentum, 
acts on the system of bodies, the total momentum 
remains constant, though the momentum of the 
individual bodies may change by their interaction or 
collision. Let us take, for example, two masses m x and 
m with velocities Vj and v 2 , respectively. Momentum= 
mass x velocity. The law affirms that m^^nijV, is 
constant, under the given condition, though v a and v 9 
may change by their collision. 

The Law of Conservation of energy states that 
energy can be neither created nor destroyed. There are 
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several forms of energy, kinetic energy, potential 
energy, heat energy, chemical energy, electrical energy 
and energy of radiation. The law says that one form of 
energy may be transformed into another form, but it 
cannot be destroyed or created. For example, if there 
are two masses, of velocities, v t and v a respectively, their 
total kinetic energy is Jm, v* 4- £m a v a 2 . By the impact 
between the two bodies, part of the energy may be 
converted into heat, but the remaining kinetic energy 
plus the energy in the form of heat is equal to the 
original kinetic energy. 

Let us take the conservation of momentum, first. 
It is easy to see that according to Classical Relativity 
momentum is conserved. If B observes velocities V! 
and v a , respectively, A will observe velocities Vj+u and 
v 9 -|-u. If B finds a total momentum m^+maVg, A finds 
a total momentum, (m^+mjVjJ-l-u (n^-f-mj). As (nijVj 
-fm 2 v 2 ) is a constant, because B finds it conserved, 
and as (rni+ms) is also a constant by the law of 
conservation of mass and u is a constant, A’s total 
momentum too is conserved, though it may have a 
different value from B’s. 

We shall now examine whether momentum is 
conserved if in the place of u-j-v we use the Relativity 

formula for the composition of velocities, . 

The total momentum for A is:— 

mi(a + V|) ■ m 3 (u + Va) _ u /_ra,_ i \_i_/ m i v i n* 8 v a \ 

1+UVi 1+UV 2 \1 + UVj I + UV 2 / Vl + UVj l+uv 2 / 

In this expression although u 2 (m,+m 2 ) and (miV^ 
mava) are constant, the value of A’s expression for total 
momentum will not in general be constant, because 
vi and va may vary in all sorts of ways. A numerical 
example will make this clear. Let mi and ma be 2 and 5 
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units respectively and v, and v 2 be 3 and '4 units. The 
total momentum for B is 2 x *3+5x 4 = 2.6 units. Now 
let Vj become - 8 units after an impact. As the total 
momentum for B should still be 2.6 units, v a must be 
(2 - 6 — 2x *8)/5 = ’2 units. The total momentum for A 
under the first condition is, if u= 6 units. 


.A 2 ,5 \,/2X‘3 

b \l+ 6X-3 + l + -6X'4/ + \l+-6X-3 
Under the second condition it is 


5X‘4 

1+6X 



6 


:*2)+( 


2x-8 


5x-2 


J+-6X-8 + l + -6X-2j + ll+-6x-8 + l+*6X'2)- 5 ‘ 5 - 
The total momentum has changed. The Law of 
conservation of momentum does not hold for A. But it 
must hold, for he too, like B, has discovered the law 
from the experiments. So there must be a mistake 
either in the definition of mass or in the definition of 
momentum The fact that in the Theory of Relativity 
sp ice and time have merged to form a single entity, 
'separation’, suggests the following definition: momen¬ 
tum = mass x displacement per unit separation, in the 
place of the usual definition, mass x velocity, i.e., 
momentum=m X x/s, where s a =t 9 —x a . Then s 9 /t 9 = 
(t 9 —x a yt a = l— x a /t a = 1—v a . Therefore 


1 X t 

t/s = ^Therefore mxx/s=mx ,-x-=mv/ 

This new formula for momentum is tantamount to 
taking the old formula m v with the mass defined as 
m/Vi-v*, i.e., taking the mass as varying with the 
velocity in the specified manner. 


Let us now see if the new definition of mass saves 
for A his Law of conservation of momentum. The 
total momentum for B is vmvilJT- Vl 2 +0^2*713^ and 
this is conserved. The total momentum for A is 

m > ^)/+‘-(n^) 2 } + nmj 
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V^'GtS) 2 }’ which rcduces to vr-»- 

j&S* "fe+vnSh)} • Hcre - as u and 

are constants, as long as ( ,-5i—_ -f {5*—-) and 

\V1-Vi- Vl-VjV 

V i—y 2 2 ) are CODStant » the whole expression 
will be constant. Now (^/- fi Vi 2 +^p^i) is the total 

mass according to B and j is the total 

momentum. They are both conserved, and therefore 
constant. So the total momentum according to A is 
also conserved. From this discussion we conclude that 
though two persons in relative motion will not find the 
momentum equal, yet if it is conserved according to 
one, it is conserved according to the other as well. 

We shall now proceed to examine how the new 
definition of mass affects the conservation of mass for 

A. The total mass for A is mi/^/1— 

V1 -( "tg- )* which reduces to 

i_ f „ ( “l_ _L \ 4- m l y l J_ m 2 V 2 \ 

( U Wl-Vj. 2 + Vl-V 2 2 / + -yi- Vl 2+ Vl-V a 2 ) 

i.e., u times B’s total mass is added to his total 
momentum and the whole is divided by \/i- u 2 to get 
the total mass for A. As B’s total mass and momentum 
are conserved and as u is constant, the total mass 
according to A is conserved, though A does not agree 
with B about the actual value. It is interesting to note 
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that mass and momentum occur together in both the 
above formulae showing an underlying unity. Of course 
this is expected, for when B says he is at rest and 
measures only mass, A says B is in motion and 
measures momentum as well. We thus see that a new 
definition of mass has been forced upon us by the 
Theory of Relativity. m/*/i-v 2 = m when v=o, i. e., 
when the body is at rest, the mass is m. Let us call this 
the rest mass. As v is usually small, m/VI^v 2 —m-|- 
\ mv a , neglecting v 4 and higher powers. The additional 
mass acquired by motion is |mv 8 . Now the kinetic 
energy of a body due to its motion is £mv a . This 
suggests that the additional mass is due to the kinetic 
energy. This leads us to conclude that the proper mass, 
m, itself may be due to the energy inherent in the body. 
We have seen earlier that E=mc a , (where if m is in 
grams, and c in centimetres per second, E is the velocity 
of light), E is in ergs. (For a full discussion see 
p. 417 ff.). Thus as all mass is due to energy, conservation 
of mass turns out to be merely conservation of energy. 
In this way, all the three conservation laws are saved 
for us and in addilion to this, our investigation has 
unmasked the close relation between them. 
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COMPUTATION OF THE SOLAR 
ECLIPSE IN HINDU ASTRONOMY* 


I Introduction 

It is a well known fact that a solar eclipse occurs* 
when in the neighbourhood of a moon’s node the sun 
and the moon are in conjuction. 1 The computation of 
the solar eclipse for the world in general without 
reference to any given place is like that of the lunar 
eclipse. Let T be the Indian Standard Time of 
conjunction in longitude. 2 p the latitude of the moon, 
P the hourly change in latitude, '(north latitude and 
motion towards the north being considered positive), M 
the excess of the hourly motion of the moon in 
longitude over that of the Sun, L the angular radius of 
the moon, and S, the angular radius of the Sun. Then 
at any time t hours after conjunction, the distance 
between the sun and the moon’s longitude is Mt and the 
moon’s latitude is p+Pt. So the distance between 
their centres is { M 2 t*4-(p+Pt) a } 1,a . The eclipse begins 
or ends when their rims appear to touch. This can 
happen even if the distance between them is greater 
than L+S, for the moon’s parallax may push it towards 
the sun. The maximum of this effect is 7r—7T'(=7r), 
7 * being the equatorial horizonal parallax of the moon, 


* Pudukkottah Raja's College Magazine, 1952, pp. 17-27. 

1 By conjunction is meant conjunction in Right Ascension or 
in Longitude. Modern astrnomers use the Rt. As. Declination Co¬ 
ordinates of the Sun and the moon in the computation of eclipses, 
while the ancients used the Latitude-Longitude co-ordinates. 
Because I here give the modern method for comparison with that 
of the ancients, I use the latter throughout. 

2 The apparent longitude of the Sun, i.e., the true longitude 
pinui 20" for aberration, is to be used in eclipse work. 
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77' that of the sun. Thus the rims can appear to touch 
when the distance between the centres is 77 +L-|-S(=d) 
at the most. Then {M 2 t 2 4- (p+Pt) 2 } = d 2 gives the times 
of the beginning and end of the general eclipse. Solving 
for t, we get, t= -pP / (M 2 + P 2 ) + { [p 2 P 2 / (M 2 + P 2 ) 
+d 8 —p 2 ] / (M 2 +-P 2 )} £, in which, obviously, the upper 
sign is to be taken for the beginning, and the lower for 
the end. T+t is the I.S.T. of the beginning or end. 

At any given place the eclipse begins or ends when 
the rims appear to touch at that place, i.e. when the 
apparent distance between the centres is L+S. Now at 
any time T (I.S.T.) near the times of conjunction in 
longitude, let the apparent distance in longitude between 
the centres be m, the apparent excess of the moon’s 
hourly motion in longitude over that of the sun M, the 
apparent difference in latitude p, the apparent excess of 
the moon’s hourly motion in latitude over that of the 
sun P, the sum of the apparent angular radii of the sun 
and the moon d, and its variation per hour D [By 
‘apparent’ is meant here ‘as affected by parallax.’ 
Apparent m = realm+ 77 cos A cos B x(1 +77 cos A sin B). 

Apparent p = (real p + 77 si n A) (1 + 77 cos A sin B). 
Apparent (L+S)=S+L (1+77 cos A sin B), where A is 
the zenith distance of the Nonagesimal, given by 
sin A = sin w cos sin v—cos w sin <£, and B is the 
Orient ecliptic point minus the longitude of the moon. 

The orient ecliptic point — Tan {tan £ (90 + v) cos £ 

(90°-+<£—w) / cos | (90°+<£+-w) } + Tan { tan \ (90°-+v) 
sin \ 90°-+<£ —w)/sin £ (90°+^+w) }, where & is the 
latitude of the place, w is the obliquity of the ecliptic 
and v is the sideral time in degrees at the moment, given 
by, v = 97°30 / + the Greenwich East longitude of the 
place+the mean longitude of the sun +-the I.S.T. at that 
moment in degrees. For strict accuracy, the geocentric 
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latitude and the horizontal parallax at that latitude 
should be used. 

If T is the time for which we have found m, p and d, 
the apparent distance between the centres of the sun and 
the moon at any time t hours after T is { (m4-Mt)* 

+(p + Pt) 2 When this is equal to d+Dt, the eclipse 

begins or ends. Thus it begins or ends at T+(dD—mM 
~pP) / (M 2 + P 2 ) + [ { (mM + pP - dD) 2 / (M 2 + P 2 ) 

-fd 9 -p 9 -m 9 } / (M 9 +P 2 )) i 8 The middle of the eclipse, 
i.e. the maximum eclipse, occurs at T+(dD—mM—pP)/ 
(M 2 +P 2 ). 

The total eclipse begins or ends when the rims 
apparently touch, the sun being within the moon. The 
distance between them at such a time is (L —S). So by 
substituting for d in the above formula another d equal 
to (L—SJ, we can find the times of the beginning and 
end of the total phase. Another thing should be noted 
here. S may be greater than L, so that the moon may be 
immersed in the sun, leaving a circle of light all round. 
This is called an annular eclipse. Obviously, the 
beginning or end of the annular phase is got by making 
D=S—L. 

For e.g., let us compute the solar eclipse that 
occurred on 9-5-1948, for the world in general, and for 
Pudukkottai (78° 4-' 17" E L and 10° 18' 51" N. 
Geocentric Latitude) given: time of conjunction in 

h m 

longitude T== 7 — 59.9 (I.S.T.), True longitude of the 
moon = apparent long, of the sun = 48° 22' 24" 
P = + 1425". 7C = 3439". w' = 8.7", M = 937", S = 950".‘ 


3. As P. M and D vary rapidly the time T should be taken 
close to each of the beginning, middle and end, and each found 
separately, using P, M. D. not varying per hour but a shorter 
period, say, 12 minutes. 
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Hourly change in Sun’s longitude + 145", 

„ „ Moon’s longitude + 1992" 

M = 1847", Hourly change in p = P= +183.5". 
Hourly change in L = + .4". 

From these, for the general eclipse, d = 77 — 77' + d + 
S = 5318". Substituting these in the formula for the 

h m m h m h m 

general eclipse we have 7 59.9 — 4.6 — 2 45.6 = 5 9.7 for 
the beginning, 7 59.9— 4.6+2 45.6 = 10 40 9 for the end. 


As at Pudukkottai the sun will be seen already 
eclipsed when rising, we shall compute the middle and 
end alone for that place. 


T. (i.e. the time 
near middle or 
end) 

h n 

6 19.7 

h m 

6 31.7 

1 

h ra h m 

7 19.5 I 7 31.5 

Realm. - 3082"; -2713 

Parallax in m 1 + 3085; +3091 
Apparent m. ! +3 +378 

—1242" 
r 3027 
+ 1785 

— 873" 
+ 2990 
+2117 

Real p. 

Parallax in p. 
Apparent p. 

+ 1119 
-1462 
- 343 

+ 1155 
-1407 
— 252 

+ 1302 
-1172 
+ 130 

+ 1338 
— 1107 
+231 

Real d 

Parallax 

correction 
apparent d. 

+ 1886*5 
+ 1*5 
+ 1888 

+1886*5 
+2-5 
+ 1889 

+ 1887 
+ 5 
+ 1892 

+ 1887 
+6 
+ 1893 


Taking 6 19-7 as T for the middle, m= +3", M= +375", 
p=—343", P=+91", d= + 1888". D = +1", from which 

we find the middle occurs at 6 19 , 7+2 , 6 = 6 22 3. 

Taking 7 19*5 as T for the end, m= + 1785", M = +332" 
p=s + 130", P=+101", d = +1892", D = + l", from 

which we find the end is at 7 19 5—1 0*1+1 3 7 = 7 23 1. 
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THE COMPUTATION IN HINDU ASTRONOMY 
(A) According to the Panlisa Siddhanta 

Though there is mention made of the eclipse in 
Vedic literature, the ancient astronomical works like the 
Vedanga Jyotisha, Garga Samhita, Paitamaha Sid, etc., 
do not give methods for its calculation. The Paulisa 
Sid. seems to be the most ancient work dealing with the 
solar eclipse. We shall here give its method as 
condensed by Varahamihira in his Panchasiddhantika. 

1. Find the time of conjunction in longitude. 

2. Find the time of noon. 

3. Find the interval between conjunction and noon. 

4. Find the hour angle of the Sun at conj., in 
degrees, calculating at the rate of 6° for one 
nadika or 24 minutes. 

5. Multiply the sine of the hour angle by 4 nadika 
or 96 minutes. 

6. If the conj, is before noon deduct the time got, 
from the time of conj. If it is afternoon, add. 
This is the time of the middle of the eclipse. 4 

7. Find the longitude of the moon and the mean 
longitude of Rahu at this time. 5 

8. Make the following corrections in Rahu. 

a) Multiply the degrees of latitude of the place by 
5 and divide by 27. Add the resulting degrees 
to Rahu if it is the ascending node. If not 
subtract. 

4. This work will roughly compensate for the parallax in 
longitude. 

5. Here Rahu is taken to be the node near which the 
moon is situated. The corrections will roughly compensate for 
the parallax in latitude. 

56 
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b) Find the declination in degrees of the point of 
the ecliptic 90° from the Sun. Multiply this by 
the result of (5) in nadikas, and divide by 22. 
The resulting degrees are to be added to the 
ascending node if the sun’s longitude lies 
between 270° and 90°, and the time of conj. is 
forenoon, or if the sun’s longitude lies between 
90°, and 270°, and the time of conj. is after¬ 
noon. Otherwise the degrees are to be subtracted 
from the ascending node. If the conj. is at the 
descending node, the opposite of this is to be 
done, i.e., addition should take the place of 
subtraction and vice versa. 

c) Take the time in nadikas of conj. elapsed from 
sunrise in the morning or to elapse for sunset 
in the evening. Multiply this by the degrees of 
declination of the moon and divide by 80. If 
conj. is at the ascending node the resulting 
degrees are to be added if the moon is between 
180° and 360°, and subtracted if between 0° and 
180°. For conj. at the descending node, subtract 
and add respectively. 6 

9. Find the difference in longitude between this 
corrected Rahu and the moon, if it is less 
than 8°, there is a solar eclipse. 

10. Square the difference in degrees and subtract 
from 64. Take the square root. This multiplied 
by 18 is the duration of the eclipse in minutes. 


6. Of the above rules (a, b, c), (a) does duty for -cos w 
sin <j>, (b) and (c) take the place of sin w cos <j> sin v, for this 
is equal to sin w cos <j> sin O cos h—sin w co* <j> cos O sin h, 
taking v = 0—b, roughly. (O is the longitude of the sun, h is the 
hour angle). The first part of this is taken by (c), and the second, 
by (b), 
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11. Half the duration subtracted from the middle is 
the beginning, and added in the end. 

Let us compute the eclipse of 9-5-1948 according to 
these rules, using the elements given already ; and also 
given Rahu (here the ascending node) — 44°, time of 

h m h m 

noon 12 11 and the time of sunrise 5 58. 7 

h m 

1. The time of conj., is 2 2 after sunrise. 

h m 

2. Noon is 6 13 from sunrise. 

h m 

3. Conj, is 4 11 before noon. 

4. The hour angle of the sun at conj., is 62° 48 / . 

ra m 

5. Sin 62° 48' x96 = 86 or 3‘ 57 nadikas. 

h h m 

6. This deducted from 8 gives 6 34 (I.S.T.) for the 
middle. 

7. The longitude of Rahu is 44°. 

8. a) The geographical lat. of Pudukkottai is 10 o, 4. 

This x 5/27 = 1° 9. This is to be added to Rahu 
which becomes 45°‘9. 

b) 15° 7x3* 57/22 = 2 0, 5. As Rahu is the asc. 
Node, the sun lies between 270° and 90° and 
conj. is before noon, this is to be added, 
making Rahu 48°'4. 

c) The time of conj. from sunrise is 5‘1 nadikas. 
The declination of the moon is 18°. 8 

7. As our purpose here is to compare the methods alone, 
we are assuming that these elements have been found correctly and 
so use these as correct ones. 

8. This includes the moon’s latitude, +18', according to 
this Siddhanta. 
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This x 5*1/80—1* 1. Astheconj., is at the asc. 
node, and the moon is between 0° and 180°, 
this is subtractive. The corrected Rahu is 
47°-3. 

9- The difference of this and the moon is 1° 1. As 
it is less than 8°., there is a solar eclipse. 

m h m 

10. 18xV64=Fi = 143 = 2 23. 

hm_ hm hm h m 

11. 6 34-f 1 11=5 23 and 7 45 are the beginning 
and end. 

(B) According to the Romaka Siddhanta 

The method of the Romaka is more like the modern 
one, and more accurate. The following is Varahamihira’s 
condensation of it. 

1—7. The same as in the Paulisa. 9 

8. At conj., as affected by parallax, (C. A. P.), find 
the orient ecliptic point. Deduct 90° from this. 
This is the Nonagesimal. 

9. Find the declination of the Nonag. The 
declination is North if the Nonag. lies between 
0° and 180°, and South otherwise. 

10. Deduct the longitude of the asc. node from this 
point and multiply its sine by 280’. This is 
North if the result of the subtraction is 0° to 
180°, and South otherwise. 

11. If the result of (9) and (10) are both north, add, 
and call it North. If they are both south, add, 
and call it South. If one is North and the other 
South, deduct one from the other and call it by 
the direction of the larger. 

9. This does not mean that the same elements will be got 
according to both. 
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12. If the result of (11) is North and greater than 
the latitude cf the place, deduct the latitude and 
call it North. If it is North and less, subtract it 
from the latitude and call it South. If it is South, 
add it to the latitude and call it South. 10 

13. Multiply the sine of this by the daily motion of 
the moon in minutes and divide by 15. The 
result is the parallax in latitude. It has the same 
direction as (12). 

14. Find the latitude of the moon by multiplying the 
sine of the difference between the moon and 
Rahu by 280’. If the moon is greater near the 
asc. node, or less near the desc. node, it is 
North. Otherwise it is South. (The moon at 
C.A.P. is to be used for this). 

15. Add the latitude and the parallax in latitude if 
they have the same direction. If not, subtract 
one from the other. This is p in minutes. 

16. The mean angular radius of the sun is 15’, and 
that of the moon 17’. The radius of each 
multiplied by its true motion and divided by its 
mean motion gives the true radius. Let us call 
them S and L. 

17. V(L+sT 2 ~p 2 -t M gives the half duration of the 
eclipse in hours if M is the difference between 
the true motions in minutes of the sun and the 
moon, per hour. 


10. It is obvious that only North latitude is envisaged by 
this rule. 
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. Applying these rules to the given example, we 
have: 

l—7. The same as for the Paulisa. 

h m 

8. At C.A.P., 6 34 , the Orient Ecliptic point for 
Pudukkottai can be found to be 57° 44 /- 4. This 
—90° = 327° 44' - 4 = Nonagesimal. 

9. The declination of this point is 12° 16'.S. 

10. 327° 44 /, 4—44° = 283° 44'*4. The sine of this is 
*971. '971 x280' = 272'. S. — 4°32'. S. 

11. 12° 16'. S. + 4° 32'. S. = 16°48\ S. 

12. The Geographical lat. of Pudukkottai is 10° 24'. 
16° 48'+10° 24'= 27° 12'. S. 

13. The daily motion of the moon = 797'. Sine 
27° 12'X797'/15 —24'’3.S. = parallax in latitude. 

14. The moon at C.A.P. is 47° 35'. The difference 
between this and Rahu = 3° 35'. 280' sin 3° 35' = 
17'-5' N. 

15. 24'3 — YV'5 = 6'’8 = p. 

16. 15' X 58 / 59'2 = 14'-7 - S. 17' x 797 / 7906 = 
17'T =L. 

17. M = (797' — 58')/24 - 30''79. */3l : I^-"68'*/30*79 = 

h h m 

1 = half duration. The middle being 6 34 , the 

h m h m 

eclipse begins at 5 34 and ends at 7 34. 

The correct times of the middle and end, as we have 

h in h m 

seen, are 6 22 and 7 23. The following are the 
inaccuracies in this method. The maximum mean 
parallax is assumed to be 53' instead of the correct 57'. 
The max. mean latitude of the moon is taken to be 280'. 
The declination of the Nonagesimal minus the latitude 
of the place is taken to be the zenith distance of the 
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Nonagesimal. The formula for the correction of this 
declination (10) is wrong. We are not instructed that 
the times obtained are only approximate, and that for a 
closer approximation, the calculation should be repeated 
taking the latitude and parallaxes pertaining to the first 
approximate times. 

(C) According to the Later Siddfaantas 

The method of the Surya Siddhanta condensed by 
Varahamihira in the Panchasiddhantika is typical of 
that of the later Siddhantas, and fairly correct. Only in 
their constants do these differ from one another. I shall 
here give the method, and the constants of Varaha’s 
Sur. Sid., the New Sur, Sid. and the Siddhanta Siromani 
of Bhaskaracharya, in order. The reader will do well 
to compare this method with the modern one, given in 
the first part. 

1. Directly or indirectly each Siddhanta gives the 
mean angular diameter of the sun and the moon. For 
the Sun it is 32' 1, 32 ,- 4 and 32 /- 5(=2S), and for the 
moon 32'’2, 32'0 and 32' 0 ( --2 L). These are to be 
made true by being multiplied by the true motion and 
divided by the mean motion. (The correct mean angular 
diameters of the sun and the moon respectively are 
32'0 and 3 P’3, 11 and it will be better to multiply by half 
the sum of the true and mean motions). 

2. The mean horizontal Parallax of the moon is 
5P’6, 57'’5 and 52' 9, and of the sun 3'’8, 4'3 and 3'*9. 
These too are to be made true by being multiplied by the 
true motion and divided by the mean motion. (The 
correct figures are 57' 5“ and (PI, respectively). Let 
their difference be written tt. 


11. These are the mean for syzygies. The mum diameter for 
any time is 31'’1 and the horizontal parallax 57'*0. 
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3. For any time near enough to the event sought 
the zenith distance of the Nonagesimal, A, is found. 
The orient ecliptic point or Lagna is found from which 
the Lagna minus the longitude of the moon at the time, 

B, is found. (Though different methods are given for 
this, they ultimately reduce to what we have given in 
Part I.) 

4. 7 T cos A cos B is the parallax in longitude. 
Let M be the difference between the true motions of the 
Sun and the moon per hour, tt cos A cos B/M are the 
hours to be deducted from the time of conj. to get the 
conj. as affected by parallax (C.A.P.). (Note that for 
B greater than 90° the hours will be negative and so 

C. A.P. will be later.) 

5. Using the A and the B of the C.A.P. got, (4) is 
to be repeated which will give a more correct C.A.P. 
If repeated once again, the process will give a still more 
correct value. (The explanation of this method of 
successive approximations is this. To find the time of 
any event the parallax etc. at that time, which themselves 
depend upon the time, are required. To get over this 
difficulty successive approx, is resorted to.) This time is 
the time of the maximum eclipse, technically called the 
Middle. ‘(Really the Middle will occur within a few 
minutes of this). 

6. Find p, the latitude of the moon at the last but 
one C.A.P., because it will be found convenient if we 
take the last but one instead of the last, p ^270' sin 
(Moon’s longitude the asc. node). 

7. p + 7T sin A, is the latitude as affected by 
parallax where A pertains to the last but one C.A.P. and 
is already found. 

8. Square (7) and deduct from(L + S)L Take the 
poot, divide this by M. The result is in hours 
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9. deduct this from the last C.A.P. This is the 
provisional beginning. Added, it is the provisional end. 

10. Take this time of beginning and find A, B 
and p. Find p + TV sin A. Repeat (8) which gives the 
half duration in hours. Using the A and B here, find 
the C.A.P. Deduct the half duration from this. This is 
the first approximate time of beginning. 

11. Take the provisional time of ending and do 
everything mentioned in (10) up to finding the C.A.P. 
Add the half duration to the C.A.P. This is the first 
approximate time of ending. 

12. If in the place of the provisional times the first 
approx, times are used and (10) and (11) repeated, the 
second approx, times are got, and so on. (But going 
beyond the second approx, is useless, in view of the 
error in the constants). 

We shall compute the solar eclipse of 9-5-1948, 
according to this method, for Pudukkottai, using the 
constants of the New Surya Siddhanta. 

1. The true diameter of the sun = 32' - 4x58/59 , l 

=31' 8. 

The true diameter of the moon=32'0X797/ 

790 6 --32-3. 

2. The true horizontal parallax of the 

sun=4'-3X58/59T=4'*2. 
„ „ moon = 57'-5X797/790.6 = 

58' tt =58'-4'-2=53'- 8. 

3. Taking the time of conj. v=343°7’, cos A = ‘9606 
and B = 30° 10'. 

4. 7 Tcos A cos B—44'*7. M = 30'-79. 44-7/30 79= 

h m 

1 27 deductive. So C. A. P.=6-33 as a first 
Approx. 

57 
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5. v for 6-33 is 321°22, cos A=*9126 and B=9*4& 
77 cos A cos B«=48'4. This divided by M gives 

h m 

1 35. Deducting this from conj., the approx, 
time of C.A.P. is 6-25. This is the approx 
time of the middle. We stop here. 

6. The last but one C.A.P. is 6-33. The lat. of the 
moon at this time is 270' sin (47°35'~ 44®)= 
+ 16'9. 

7. Sin A for this time is —'4088. 77 sin A = —22 0‘ 
p-t-this= — 5' - l. 

8. L+S = (32'-3+31' 8/2 = 32'-05. <yj2'-05*-y-l*'/ 
30 79=1 2. 

9. The provisional beginning is 5-23, and the 
provisional end is 7-27. 

10. We shall compute the time of the end alone. 
v = 334°52', Lagna = 70® 40', longitude of the 
moon = 48° 4', B = 22® 36', log sin A = (—) T. 
5191, and log cos A — T.9749. p=+-19 / 14 77 
sin A = —17'78. p+ 77 sin A = — l^.^Sz'Os 3 - 

— l ■ 3o a / 30’ 79 -1 2, half duration. 77 cos A cos B 

= 46 88. 46 88/30 79 =1*31* The new C.A.P. 

= 8-1 31 = 6-29. This + the half duration 

= 7-31, the first Approx, time of the end of 
the eclipse. The second approx, time should be 
found in the same way. 

The method of the later Karanas or manuals are 
based on the Siddhantas, and they generally sacrifice 
accuracy for ease of computation. There is nothing 
new in them. 
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Hindu astronomy through the ages- 

A SHORT SKETCH* 


1. The Vedic Period 

The history of Hindu Astronomy goes back to a 
very ancient period. Evidence of the astronomical 
knowledge of the Brahmans is found in the Vedas. 
Even in the age of the Mantras it was known that the 
Moon returns to its position among the stars once in 
27 days. Each day it was observed to be in conjunction 
with a single star or group of stars, and the day was 
designated by that asterism. Thus arose the later 
division of the ecliptic into 27 asterismal segments. 
They knew that once in about 2% days the Moon is in 
conjunction with the Sun and this period they used as the 
measure of their month. (The word mas means (i) the 
month, (ii) the Moon, and (iii) a measure.) They knew 
that the solar year marked by the cycle of the seasons 
consists of 365 days and that this is in excess of 12 lunar 
months by about 11 days. The months were named after 
the asterisms at or near which the moon became full, 
like Phalguna, Chaitra etc. The shortest days were 
noted to be when the noon-sun was low down in the sky at 
Winter Solstice (W.S.) and the days were noted to become 
longer as the Summer Solstice approached. The year 
began with the first day of the light fortnight of the 
month of Phalguna near the W. S. During the age of the 
Brahmanas it was observed that the Pleiades (Krittikas) 
rose due east, and this fact was used in the orientation 
of the sacrificial halls. (From this we can compute 
the age of the observation to be about 3000 B.C.) 
Professional star gazers called nakshatra-dar£a-s are 
mentioned and in the ChSndogya Upanishad a lore of 


* Pudukkotta Raja's College Magazine, 1953, pp. 20-25, 
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stars, called Nakshatra-vidya^ is mentioned. The 
planets Jupiter and Venus were known. The Atri family 
was credited with the knowledge of eclipses. 

2, The Immediate Post-Vedic Period 

The astronomical knowledge of this period is found 
the Vedanga Jyotisha (V.J ) of Lagadha which is the most 
ancient Hindu astronomical work extant. This deals 
with the computation of the ending moments of the 
Tithi and the Nakshatra, the Sun’s Nakshatra etc., things 
usually found in almanacs, useful for the performance 
of the Vedic sacrifices. But these Tithis etc. are mean, 
as distinguished from the true Tithis etc. given by the 
modern almanacs. The elements from which the 
computations were made are the following: In each 
period of 1830 days called a yuga, it is taken there are 
5 solar years, 60 solar months, 62 lunar (synodic) 
months, 1860 lunar Tithis, 1809 lunar Nakshatras and 
135 solar Nakshatras. Supposing the Sun and the moon 
have only mean motions, (i.e., move uniformly on the 
ecliptic), the computations are made. This would give 
only the approximate Tithis etc., but true Tithis etc, 
were fixed by observation. The method of computation 
is peculiar and very interesting. 

The V. J. says that the winter solstice began with the 
sun at the asterism Sravishtha, from which we can 
calculate the date of the work to be about 1200 B.C. Close 
upon the V. J. followed several other works, the Garga 
Samhita, the Paitamaha Siddhanta, the SQrya Prajnapti, 
the Jyotishakaranda, the Kalaloka Prakasa etc., all of 
which dealt only with the mean motions of the Sun and 
the Moon, like the V. J. We do not find anything 
very much special or noteworthy in them. 

3. The Period of Transition to the Regular Siddhantas (Circa 

100 B.C. to Circa 300 A.D ) 

This period is represented by the VSsishtha, Paulisa 
and Romaka Siddhantas condensed by Varahamihira in 
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his Pancha-Siddhantika. In the works of this period the 
influence of Greek culture on Hindu astronomy, 
especially astrology, is visible for the first time. The 
names of week-days like Ravi-vasara, Indu-vasara etc. f 
and the names of the 12 solar signs composing the 
Zodiac, like Mesha, Rishabha etc., occur for the first 
time now. Many scholars are of opinion that these 
originated in Babylonia and reached India via the 
Greeks. 

The Vasishtha seems to be the oldest of the three. 
In it we find, for the first time, methods for computing 
the true positions of the Sun and the Moon. The time 
taken by the Sun to traverse each Rasi of 30° has been 
found empirically and given. An ingenious formula for 
the Moon’s Equation of the centre, on the assumption 
that it increases or decreases uniformly, has been given 
by using the summation of series, the maximum being 
347'. A method for finding the day-time from the 
shadow is given, and another for computing the lunar 
eclipse. Herein also are the planets dealt with for the 
first time. 

The Paulisa Siddhanta closely follows the Vasishtha. 
The name, as also the fact that Alexandria is taken to be 
the 0° longitude, shows that it must have been affected 
by Greek influences. In this we find a rough method for 
the computation of the Solar eclipse. 

The Romaka Siddhanta uses a tropical year of 
365 2466 days in the place of the Sidereal year used by 
the other Siddhantas. This, the name Romaka, and the 
fact that it gives 143' as the maximum equation of the 
centre for the Sun, and 296' for the Moon, all show its 
Greek orgin. For the first time we find the Solar eclipse 
treated in a scientific manner in this work. 
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A host of astrological works, many of them claiming 
Greeks as their Ptlrvacharyas, seem to have been written 
in this period, followed later by Hindu authors with 
zest. It is for this concoction, this bane of our culture, 
that we are indebted to the Greeks in a large measure. 
In astronomy proper there seems to have been very little 
•borrowing’. 

4. The Period of the Regular Siddhantcs (300 A.D. to 1200 A D.) 

A succession of astronomical works like the Old 
Sflrya Siddhanta condensed by Varahamhira, the 
Aryabhatiya of Aryabhata, the Brahma - Sphuta - 
Siddhanta of Brahmagupta, the New Stirya - Siddhanta 
etc, down to the Siddhanta - Siromani of Bhaskaracharya 
mark this period of the heyday of Hindu astronomy. 
The following are some of the salient features of these 
works. 

(a) The earth is a sphere of diameter 8000 miles, 
poised in space with nothing for its support. Bhaskara, 
in a beautiful discussion, refutes arguments advanced 
against this idea. For instance the Puranic cosmogony 
is that the earth is supported by eight elephants which are 
supported by the Great Tortoise, which, in turn, stands 
on the Great Serpent Adi-6esha. In order to avoid the 
fallacy of infinite regress the Puranas say Sesha supports 
himself. "Then why not the earth support itself ” asks 
Bhaskara; "If it is also divine, why go so far as Sesha and 
stop there ?” But the layman’s question " Will not the 
earth fall?” should be answered. He says, "This 
question arises from our experience that things fall 
towards the earth, attracted by it. So falling means 
moving towards the earth and so the question of the earth 
falling does not arise at all”. 

(b) The stellar sphere revolves round the earth 
once in 24 hours (exactly in 23 hrs. 56 minutes). There 
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were some astronomers like Aryabhata who asserted thus. 
The verse is sr3@fo*Tfo4f?*r« etc. 9.). It is 

made out by commentators of Aryabhata that this is not 
so. The next sloka gives the usual theory. Are the 
commentators correct or is the next sloka an interpola¬ 
tion? It has been tampered with changing jj,: into wn, 
that this revolution is only apparent, and is due to the 
rotation of the earth. But the generality of astronomers 
from Varahamihira to Bhaskara argued that this rotation 
theory could not be accepted because “then birds 
leaving their nests cannot return to their nests again, and 
flags will fly ever pointing westwards on account of the 
eastward rotation of the earth”. We now know that 
these arguments exhibit an ignorance of the laws of 
Kinematics, and that there is a direct proof of the earth’s 
rotation in the behaviour of the ‘Focauli’s Pendulum. 
But in those days these arguments were considered 
unanswerable. 

(c) The Sun moves round the stellar sphere once in 
265i days along the ecliptic, which cuts the celestial 
equator at an angle of 24°. (The inclination at the present 
day is 23°27 / but in those daya it was very nearly 24°). 

(d) There is a retrograde movement of the point of 
intersection mentioned in (c), along the ecliptic called 
Ayana-chalanam (prcession). Varahamihira is the first 
astronomer who has reported this. According to some 
it is one degree in 67 years, and others, in 60 years. It 
is noteworthy that these values are very much nearer the 
modern value of 72 years, than the value given by the 
Greeks, 100 years. According to some, like Munjala 
the prcession is continuous but others assert that the 
precession will stop after some time and change into a 
processional movement. We know now that Munjala’s 
view is correct, but it could only have been a conjecture 
in those days. 
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(e) The Moon and the planets move in orbits of 
their own, each inclined to the ecliptic by a small angle. 
Their motion is not uniform but varies, being slowest at 
apogee and quickest at perigee. This varying motion 
was geometrically represented by eccentric circles or 
epicycles, and epicycles were also used to represent the 
equation of conjunction of the planets. The Greeks did 
the same. But the Hindu constants were generally more 
accurate. 

(f) From the horizontal parallax of the Moon, 
which was tolerably accurate, the Hindus calculated the 
distance of the Moon to be about 65 times the earth’s 
radius. If this in excess of the correct value by about 
9 per cent, it is because their value for the horizontal 
parallax of the Moon was a little erroneous, combined 
as it was with the effects of atmospheric refraction. 
They held the theory that the Sun the Moon and the 
planets had a uniform speed. From this, and from the 
distance of the Moon they calculated the distances of 
the Sun and the planets, but these were bound to be 
wrong, because their theory of uniform speed was 
wrong. Really the velocity is inversely as the root of 
the distance. 

(g) A table of sines and another of versines are 
generally given from which all the other trigonometrical 
functions are derived wherever they are required. 
The Greeks gave also a table of chords. The New SErya 
Siddhanta has an interesting method for constructing the 
table of sines, based on the fact that the second 
differences are proportionate to the sines. Bhaskara- 
charya’s treatment of the trigonometrical functions, 
addition and subtraction formulae etc., have a surpri- 
zingly modern air. 

(h) Generally a separate chapter is set apart called 
the Tripra$nadhyaya (Chapter dealing with the three 


57 1 HjdxrLtmlcjaL 



HINDU ASTRONOMY I A SHORT SKETCH 


457 


types of questions, relating to time, place, and direction) 
for problems solved by spherical trigonometry. Bhaskara 
Is seen at his best here, giving methods of solving 
prpblems that baffle even the modern minds. 

(i) Separate chapters are devoted to eclipses, and 
conjunctions of planets among themselves or with stars. 
For this purpose a list of the principal stars with their 
coordinates are given. 

(j) A chapter called the YantradhySya is generally 
devoted to astronomical instruments. 

(k) The longiture of Ujjain passing through 
Rohitika and Kurukshetra on to the N. Pole is taken as 
the prime meridian, for Ujjain was the Greenwich of 
India in those days. Mean sunrise or mean midnight at 
Ujjain is taken as the beginning of the astronomical day. 
A certain boldness and freedom from prejudice 
characterises the discussions in these works, especially 
in the Siddhanta Siromani. In this matter, the works of 
this period are in pleasing contrast with several works of 
the next age, which are authorityridden and in which 
very little originality is seen. 

It seems that during this perid two schools of 
astronomers flourished in this country. Ujjain was the 
seat of one school and there was a long hierarchy of 
astronomers there from very ancient times. Varaha 
(c. 500 A.D.), Brahmagupta (c. 600 A.D.) and Bhaskara 
(c. 1150 A.D.) all belonged to this school. The other 
school was on the west coast of South India and 
the Aryabhatiya (c. 500 A.D.) has been followed 
in this school. Certain peculiariues in his work are 
found in the system of almanac-making in vogue in the 
Tamil and Malayalam country. 

58 
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5. The Period of Decline 

After Bhaskara there Whs a decline This was due to 
several causes. The Muslim occupation deprived the 
science of much valuable patronage. With the 
astronomical instruments which were at their disposal, 
the astroppjpers had come almost to the end of their 
tether, and new discoveries would he possible only with 
new and more powerful instruments'. (This is true for 
discoveries in all sciences.) Whereinew discoveries are 
not made the tendency is to lay stress on ancient 
authority, which itself, lays a strangle-hold on further 
discovery. The result was that very little that was 
original came in this period, though here and there 
some remarkable persons enjoying the patronage of 
some remarkable princes could be found. Prejudice 
and subservience to authority reigned supreme and 
reason was blinded. For example, Kamalakara, the 
author of the Siddhanta-Tattva-Vlveka, a very able man, 
condemns many correct formulae given by Bhaskara- 
charya, simply because his rival had taken Bhaskara for 
his authority. 

As a result, the chief astronomical works were 
Karanas or manuals, based upon some ancient 
Siddhantas, intended for use by almanac-makers. Not 
accuracy but ease of computation was the aim of these 
works and they were intended to be used only for a few 
hundred years, not more, because error would 
accumulate. Not knowing this the present-day almanac- 
makers still use Karapas that have long ago ceased to be 
serviceable, and the result is a deplorable state of affairs. 
The so-called ‘Siddhdnta’ and *Vakya* almanacs are 
examples. 

t 

The SlddhSnta almanac, in vogue throughout. India 
except the Tamil and Malayalam parts, are most of them 
based on a KLarana called GrahalSgliava by GaneSa 
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Daivajna (circa 1500). The Vakya almanacs followed 
in the Tamil country are based on a work called Vakya- 
karana or Vakya Panchadhyayi commented upon by 
Sundararaja. (about 1300 A.D.) The karanas called 
Panchabodha used in Kerala are prepared on the basis of 
the Parahita-ganita of Haridatta following Aryabhatiya. 
Is it not time we change our Karana ? 

Recently, thanks to the study of European 
astronomy, many works have been written by Indians, 
using which the correct positions of the Sun, the Moon 
and the Stars can be computed. Some have taken pains 
to put them in a form very much serviceable to almanac 
makers. Even the writer of this article has done 
some work in this direction. He will he only too glad 
to help people make correct almanacs. 
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